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SOME METEOROLOGICAL FACTORS AFFECTING 
THE FORAGING OF FORMICA SUBNITENS CREIGHTON 
(HYMENOPTERA: « FORMICIDAE ») (1) 
by 


Gordon L. AYRE 
Assistant Entomologist, Entomology Laboratory ( Belleville Canada). 


During 1954 and 1955 the feeding habits of the ant Formica subnitens Creighton 
were investigated at Westbank, British Columbia. The number of ants active and 
the periods when they were active influenced both the numbers and species of insects 
taken as food. This paper presents the data obtained from initial field studies of 
some meteorological factors affecting the foraging activities of F. swbnitens. 


Materials and methods. 


These studies were conducted in a 10-acre field five miles north of Westbank during 
the summer of 1955. The field contained 89 colonies of F. subnitens uniformly 
distributed. The diameter and height of each nest were measured and a nest of 
average size was chosen for study. The detritus dome of the nest chosen was 20 inches 
in diameter and six inches in height. The nest was covered with a one-inch mesh 
wire screen over asquare wood frame to protect it from predation by flickers (Colaptes 
spp.), which were common in the area and which frequently dug out the nests in 
search of ant larvae and pupae. Four main trails, two of which branched repeatedly, 
radiated from the nest. The foraging area of the colony (fig. 1) was approximately 
2,500 square feet and contained all the predominant plants found in the region. These 
included a pine tree, Pinus ponderosa Laws., Kentucly blue grass, Poa pratensis L. ; 
several species of bunch grass ; Klamath weed, Hypericum perforatum L. ; and wild 
rose, Rosa sp. 

Census points were established three feet from the nest on each trail and the numbers 
of ants passing these points were recorded. 


BEGINNING AND END OF FORAGING. — An attempt was made to determine the 
meteorological conditions at the times when trail activities started and stopped. 
Records were made at one to 10 intervals throughout the study periods, depending 
on rate of change in conditions. While the ants were active the numbers of ants 
travelling to and from the nest on one trail were recorded at one-minute intervals 
for a minimum of 30 minutes. A minimum of three sets of data were collected for 
“each of four study periods, i.e., morning start, morning stop, afternoon start, and 
evening stop. 


AREA AND TYPES OF FORAGING. — An attempt was made to determine the numbers 
of ants on different trails and the type of foraging in which each ant was engaged. 
Only the numbers returning to the nest were recorded and these were classified as 


(4) Contribution No. 3576, Entomology Division, Science Service, Department of Agriculture, 
Ottawa, Canada. 
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to whether they were carrying insect food, thatch, or aphid secretions, or were return- 
ing “empty handed”. Distension of the gaster was considered to indicate that an 
ant carried aphid secretions. These observations were made on each trail for three 
five-minute intervals. Counts were made for one complete day once every two 
weeks and were repeated every four hours from 4.00 a.m. until activity ceased. 

FLUCTUATION IN FORAGING. — At intervals of two weeks from May to August 
the number of ants travelling to and from the nest on one trail during three consecutive 
five-minute periods was recorded once each hour during the entire period of ant 
activity during one day. Meteorological data were taken at the beginning of each 
five-minute period. 

Standard air temperature, air temperature at 1/4 inch above the ground, soil surface 
temperature, brood chamber temperature, relative humidity, light intensity, atmo- 
spheric pressure, and cloud cover wererecorded for all studies of antactivity. Standard 
air temperature and relative humidity were recorded on a hygrothermograph placed 
in a standard weather screen approximately 30 feet east of the nest. Soil surface 
temperature, air temperature at 1/4 inch above the ground, and brood chamber 
temperature were read from a portable potentiometer calibrated in degrees Fahrenheit. 
A selector switch was used in conjunction with the potentiometer to allow permanent 
connections for all thermocouple leads. Single junction thermocouples of No. 24 
plastic-covered iron-constantan wire were used for temperature of the soil surface 
and the air at 1/4 inch above the ground. The soil surface thermocouple was an 
open loop 2 1/2 inches in diameter placed directly on the soil surface. The leads 
to this thermocouple were placed so that they were never shaded from solar radiation. 
The thermocouple 1/4 inch above the soil was a closed loop with the contacts bent 
parallel to the soil surface. A small aluminium shield, which allowed maximum air 
circulation but prevented direct solar radiation from reaching the thermocouple, 
was used. The lead to this thermocouple was shaded for three feet behind the 
junction. 

Brood chamber temperatures were taken with a commercially prepared, chrome- 
plated 24-inch iron pencil thermocouple. This was inserted at an angle into the brood 
chamber from the side of the nest. The exposed portion of the thermocouple was 
protected from solar radiation by a shield of aluminium foil. 

Light intensities were measured by reading reflected light intensity on a light 
meter mounted at a 15° angle above a swivel-top table. Brown wrapping paper 
was used as a reflective surface on the table and was replaced daily to prevent changes 
in reflective properties caused by weathering. The table and meter were tilted to 
obtain maximum readings. 

Atmospheric pressures were recorded on a microbarograph approximately one 
mile north of the study area. 

Cloud cover was estimated in tenths of the sky covered by cloud. 

Notes were kept on other phenomena such as precipitation, thunderstorms, dew 
formation, and sunrise and sunset whenever activity studies were being made. 


RESULTS AND DISCUSSION 


Beginning and end of foraging. 


Table I shows the range of meteorological conditions within which 
F, subnitens was active on the foraging trails. On cool days, i.e., during 
spring and fall and on overcast days during the summer months, there 
was one period of trail activity daily. On warm days, i.e., clear and 
partially clouded days during the summer, there were two periods, one 
occurring in the late morning and the other in the afternoon. 
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TEMPERATURE.—The great variation in standard air temperatures 
indicates that this factor was not significant in the beginning and ending 
of trail activity. The measure was unsatisfactory for determining the 
temperatures experienced by the ants because of varying vertical temper- 
ature gradients. 

The temperatures in the brood chamber, at 1/4 inch above the ground, 
and at the soil surface appeared to have a.direct influence on ant activity. 

However, brood chamber temperature did not seem to influence trail 
activity directly, as it showed a great variation at the start and stop 
of trail activity. Nests of F. subnitens may go to a depth of five feet 
and hence there is a range in temperature within the nest. The brood 
chamber temperatures represent only one section of the nest. Moreover, 
the temperatures within the nest never reached the extremes of external 
temperatures. During these investigations the high temperatures appa- 
rently required for limiting trail activity never occurred within the 
nest. Consequently, though brood chamber temperature has an influence 
on the ants, it is not considered important in initiating or limiting trail 
activity. 

The temperatures at 1/4 inch above the ground and on the ground 
surface influenced trail activity directly. The relatively narrow range 
of these two temperatures at the lower limit of activity suggest the actual 
temperature below which there can be no trail activity. The range 
in these two temperatures at the upper limit of activity was much more 
variable. The results may suggest that neither of these temperatures 
influenced the morning cessation and afternoon initiation of trail activ- 
ity. However, a number of supplementary factors must be taken into 
consideration. The temperature variation in the surface layer of air 
during periods of direct insolation is very great and consequently the 
ambient temperatures that influence the ant are extremely difficult to 
measure. 

It was observed that when the higher temperature limits were approached 
the ants travelled largely in areas of shade afforded by low growing 
plants and along small sticks or straws that elevated them slightly 
above the soil surface. A series of 20 temperature readings with a 
movable thermocouple showed that the variation in such areas imme- 
diately before the morning cessation of trail activity was 51 degrees 
Fahrenheit. The fact that a large ant may stand approximately 4/4 inch 
high further complicates the determination of its ambient temperature. 
Table I shows that the temperature gradient between ground surface 
and 1/4 inch above the ground is often large. The body of the ant may 
be subjected to this entire range in temperature. Hence the averages 
between the temperatures at ground level and 4/4 inch above the ground 
were calculated. These averages give more consistent temperature 
data for the periods concerned and therefore are considered to represent 
the conditions affecting the ants to a greater extent than either tem- 
perature considered alone. 
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These variations in temperature together with the mobility of the 
ants make accurate determination of the temperatures influencing the 
ants almost impossible when using stationary thermocouples. The 
temperature obtained by use of the thermocouples should, however, 
ie an a relationship to the ambient temperatures experienced by the 
ants. 

To this point only the ambient temperatures recorded by thermo- 
couples have been considered. It is the body temperature of the insect 
that ultimately governs its activity and under certain circumstances 
this may be very different from the ambient temperature. The morning 
start and evening stop of trail activity always occurred before sunrise 
or after sunset. At these times the ambient temperatures were relatively 
uniform because solar radiation did not influence them directly. Only 
evaporation and metabolic heat would serve to vary the body temper- 
atures of the ants from ambient temperatures. Because these sources 
of variation are small and counteract one another (Uvarov, 1931; Parry, 
1951) they are not considered important in determining activity. This 
is supported by the relative uniformity of temperature data recorded for 
these periods. 

During the high threshold period a very different situation existed. 
The ants and the surface thermocouples at this time were exposed directly 
to solar radiation and numerous differences in the temperatures of each 
occurred. As previously discussed, the mobility of the ants and the lack 
of mobility of the thermocouples account for many of the differences. 
In this respect, the direction of ant travel also influences the heating 
effect of solar radiation. An ant travelling at right angles to the incoming 
radiation exposes more heating surface than one travelling parallel to 
that radiation (Uvarov, 1948). 

During periods of insolation the colour and shape of the ant also play 
a part in influencing its body temperature. The red and black colour- 
ation of F. subnitens would cause a greater absorption of heat than the 
light coloured sand used as a background for the thermocouples. Because 
of the curvature of the body of the ant some portion of it would receive 
solar radiation at right angles regardless of the position of the sun. In 
the latitude where these observations were made (50°N), solar radiation 
was never at right angles to the horizontal sand surface beneath the thermo- 
couples, and hence never attained its full heating force on them. 

In the final stage of activity during these periods of high temperature 
the ants dashed quickly from one shaded area to another, and often 
paused for several minutes in each. Uvaroy (1948) showed that there 
is a slight lag in body temperature when an insect is exposed to solar 
radiation or when it is shaded from solar radiation. In ants, because 
of their small size, this lag would not be long, but the observations made 
indicate that it is of sufficient duration to allow the ants to dash from 
shaded area to shaded area when continuous solar heating would normally 


cause body temperatures too high for activity. 
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RELATIVE HUMIDITY.—The relative humidities given in Table I were 
obtained at the same distance above the ground as the standard air 
temperatures and hence, like them, had no direct influence on the ants. 
Nevertheless relative humidity taken at this level has a relationship 
with the relative humidity at ground level (GEIGER, 1950), so that, though 
no actual value for ground level relative humidity can be given, general 
relationships can be discussed. 

From approximately 8.00 p.m. to 10.00 a.m. the relative humidity 
at ground level was higher than that 42 inches above the ground and the 
reverse was true from approximately 10.00 a.m. to 8.00 p.m. Table I 
shows that during the morning start of trail activity the relative humidity 
was never below 80 per cent. Considering the relative humidity relation- 
ships at this time (4.00 a.m. to 6.00 a.m.), it may be assumed that the rela- 
tive humidity at ground level was even nearer saturation. Thisassumption 
is supported by the fact that there was usually dew during this period. 
Saturated air would almost prevent evaporation from the ant, which 
further increases the likelihood that the body temperature of the ant 
was near the ambient temperature during this threshold period of trail 
activity, as the extremely slow movements of the ant also minimized 
increases in body temperature by metabolism. 

A similar situation existed at the time of the evening stop of activity. 
Though the relative humidities were lower during this period than in 
the morning period they were still sufficiently high to curb high evapor- 
ation from the body of the ant. 

The morning stop of trail activity, judged from Geiger’s relative 
humidity distribution graph, occurred when the humidities at ground 
level and at 42 inches above the ground were nearly equal. The after- 
noon threshold of trail activity occurred when the humidity at ground 
level was much lower than at 42 inches above the ground and was close 
to the minimum for the day. Similarity in the temperature ranges for 
the two periods would suggest that the humidity within the ranges considered 
was of little importance in limiting ant activity. 


ATMOSPHERIC PRESSURE.—The sudden drop in atmospheric pressure 
that precedes a thunderstorm was associated with a marked increase 
in ant activity. However, such a drop occurred on only one occasion 
during threshold studies and, because this was accompanied by an 
increase in both temperature and relative humidity, little can be said 
regarding the effect of atmospheric pressure alone. 

The actual level of atmospheric pressure did not appear to be related 
in any way to the thresholds of activity. 


Licur.—Under field conditions light intensity is positively correlated 
with temperature and hence its effects on the start and stop of trail 
activity are difficult to evaluate. The variation in light intensity that 
occurred during the morning start, and particularly the difference in 
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light intensity between the morning start and evening stop, indicate that 
light has little effect in initiating or limiting activity. Such was found 
to be true in laboratory studies where temperatures and humidities were 
kept constant and light was allowed to follow its daily course. The light 
intensity had a marked influence on the level of activity but extremes did 
not cause cessation. 


CLoup.—Cloud cover did not appear to influence directly the start 
or stop of trail activity. The indirect influence of cloud was through 
the reduction of direct solar radiation which caused a lowering of temper- 
atures during periods when high thresholds occurred. Thus, on overcast 
days, no halts in trail activity occurred. As solar heating was not involved 
in the morning start and evening stop periods, cloud cover at these times 
had no apparent effect on activity. 


Fluctuations in foraging activities. 


TEMPERATURE.—In the preceding discussion it was concluded that 
standard air temperature and nest temperature did not have any direct 
effect on the start and stop of ant activity. For the same reasons given 
in that discussion these two temperatures had little effect on the daily 
course of ant activity and they will not be discussed further. 

The data for temperature 1/4 inch above the ground showed that trail 
activity increased from the morning zero at 50.8°F. to a maximum at 
an average of 72.8°F., and then decreased to the morning stop at 94.7°F. 
In the afternoon period of activity the numbers of ants active increased 
from zero at 100.9°F. to a maximum at an average of 85.7°F., and then 
decreased to the evening zero at 46.5°F. The data for soil surface 
temperature showed similar trends: maximum activity occurred at aver- 
age soil surface temperatures of 82.1° and 93.5°F. for morning and after- 
noon periods respectively. 

As in the records for start and stop of trail activity, the average 
between the soil surface temperature and the temperature 1/4 inch above 
the ground is considered more representative of the temperature affecting 
the level of activity of the ants than either of those temperatures alone. 
The averages of these two temperatures gave seasonal averages of 77.8° 
and 90.1°F. for the morning and afternoon periods of maximum activity 


respectively. 


RELATIVE HUMIDITY.—As previously stated, no measure of relative 
humidity at ground level was obtained. As relative humidity varies 
with temperature and as temperature variations at ground level are 
great during periods of insolation, the humidity readings Aa inches above 
the ground are of little significance. The relative humidity at ground 
level, however, would be less in the afternoon than in the morning and 
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this, in part, may account for the fact that maximum activity occurred 
at a higher temperature in the afternoon than in the morning. 


ATMOSPHERIC PRESSURE, LIGHT, AND cLoup.—Atmospheric pressure, 
light, and cloud are interrelated and in addition have direct or indirect 
effects on temperature and relative humidity. For this reason little 
can be said regarding their individual effects on the level of ant activity. 


Area and types of foraging. 


The percentages of foraging ants on the four trails during all study 
periods throughout the season are shown in Table II. The percent- 
ages of the total foraging area served by the four foraging trails (fig. 1) 
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Fic. 1. — Map of a nest of F. subnitens and the foraging area showing the predominant types 
of vegetation, Westbank, B. C. 


were approximately 48, 15, five and 32 respectively. As might be 
expected, the percentage of ants on each trail was of approximately 
the same order of magnitude as the percentage of total area served by 
the trail. The shght differences in percentages of the ants on trails one 
and two in relation to the percentages of foraging area served by these 
trails are believed caused by differences in the availability of food; the 
availability of food in each varied with the season. 
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TaBLe IJ. — PEerRcENTAGES OF FORAGING ANTS ON THE FOUR TRAILS 
AT 8 A.M. AND 4 P.M. AT FORTNIGHTLY INTERVALS FROM MAy TO AvuGuSsT, 
1955*, 


Date Train 8 A.M. 4 P.M. Tora, Dare TraiL 8 A.M. 4 P.M. TorTar 


46 37 hh 


May 12 1 33 40 37 Jia AD al 
2 14 41 12 2 31 14 27 
3 11 13 12 3 3 3 3 
4 42 36 39 4 20 46 26 
May 26 1 28 34 Sate Awe 4 feet 43 36 42 
2 a 6 7 2 46 32 43 
3 4 8 6 3 1 5 3 
4 64 a2 55 4 10 27) 112 
June 9. . 1 46 Zi 36 Ae 4) 43 38 41 
2 9 5 8 2D 46 22 38 
3 8 oy) 7 3 2 4 3 
‘4 37 69 49 4 9 36 18 
Iti ec ell 52 43 47 Aug. 30 1 37 45 40 
2 23 15 18) 2 50 23 40 
3 4 4 4 3 1 3 2 
4 21 38 30 4 12 29 18 
WOW Mis al 40 38 40 
2 30 15 23 
3 5 6 5 
4 25 41 32 


The seasonal averages for food intake per trail reflected the productivity 
of the area served by the trail: over 80 per cent of all insect food brought 
to the nest was obtained on trails one and four whereas approximately 
95 per cent of all insect secretions brought to the nest were obtained from 
trails one and two. Further breakdown of the data shows that trails 
one and two were the main sources of insects and insect secretions 
respectively. 

The data collected for the seasonal changes in ant activity are too 
lengthy to give in full here. Data collected at 4.00 a.m., 12 noon, and 
8.00 p.m. are omitted as variation in the times of start and stop of ant 
activity prevented gathering a complete set of data for these periods. 

Field observations indicated that the areas of grass were more favour- 
able for ant foraging in the spring and areas of bushes were more fav- 
ourable in the fall. This change in preference for type of foraging area 
is shown by the increase in activity on trail two and the decrease in activity 
on trails three and four over the five-month period of study. A similar 
change of foraging areas occurred on trail one, but as this trail served 
areas of both types of vegetation the change was not shown in the data 
for total trail activity. 

The cause of the change in preference for type of foraging area was 
twofold. The availability of food was probably of prime importance. 
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The increase in activity on trail two coincided with the growth of aphid 
populations on the rose bushes of the area. The increase in the aphid 
population was also accompanied by a decrease in abundance of insects 
in the grass areas because of the maturing and drying of the grass. This 
resulted in a decrease in activity on trails three and four. As stated 
previously, a similar situation existed on trail one but the methods of 
obtaining the data did not indicate the change. 

The change in favoured foraging area was also related to the effects 
of microclimate on the ants. Though F. subnitens requires relatively 
warm temperatures for maximum activity, the areas of grass became too 
hot and dry for it towards the latter part of summer. The shade provided 
by low bushes gave more optimum meteorological conditions for ant 
activity during the latter part of summer than did the open grass areas. 

The most notable daily variation in trail activity was the reversal 
in the magnitude of activity on trails two and four for the morning and 
afternoon periods after May 26. The cause of this fluctuation is unknown 
but the fact that the period of high activity always occurred when the 
ants on the trail concerned were moving toward the sun’s compass position 
when they left the nest may be of significance. The percentages of ants 
on trails one and three did not change from morning to afternoon. Trail 
one led in a northerly direction and hence the ants, after leaving the nest, 
never travelled toward the compass point of the sun. If the direction 
of ant travel was influenced by polarized light, as found by Vow Les 
(1950), then variation similar to that on trail four should have occurred 
on trail two as the two trails were opposite and hence the plane of polarized . 
light would be the same for both (WELLINGTON, 1951). Trail three, on 
the other hand, faced directly south and at both morning and afternoon 
periods the angle between the trail and the compass point of the sun was 
the same. At solar noon, when ants leaving the nest on this trail would 
have faced the sun’s compass point, the ants were always inactive so that 
no data could be obtained for this period. 

The possible influence of the compass position of the sun on the direction 
of ant travel is further illustrated by the data obtained for May 12 and 
26. On these two days the reversal in magnitude of numbers of ants 
on trails two and four during morning and afternoon periods did not 
occur. These were the only days on which the sky was completely 
covered by cloud. 


Summary. 


At Westbank, British Columbia, temperatures at and near the soil 
surface had a notable effect on the foraging activities of Formica subnitens 
Creighton; maximum activity occurred at average soil surface temper- 
atures of 82.1° and 93.5°F. for morning and afternoon periods respective- 
ly. Relative humidity apparently influenced foraging activity but 
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the methods used for recording data proved unsatisfactory. Evidence 
that light and atmospheric pressure influenced foraging activities was 
obtained, but as changes in these factors were associated with changes 
in temperatures and relative humidity the effects of each were not deter- 
mined. Evidence was also obtained that the direction of ant travel 
was influenced to some extent by the compass position of the sun. 


Résumé. 


A Westbank (Colombie Britannique), les températures au sol et au voi- 
sinage de la surface du sol affectent les activités de récolte de Formica 
subnitens Creighton ; le maximum d’activité se produit lorsque la tempé- 
rature moyenne de la surface du sol est de 82,1° F. le matin et 93,5° F. 
Vaprés-midi. L’humidité relative influe apparemment sur!’ activité derécolte, 
mais les méthodes employées pour la mesure systématique de ses varia- 
tions ne furent pas satisfaisantes. Il est évident que la luminosité et la 
pression atmosphérique influent sur les activités de récolte; mais, comme 
les variations de ces facteurs s’accompagnent de variations de tempé- 
rature et d’humidité relative, ce qui revient 4 chacun n’a pas été déter- 
miné. On a pu montrer également que la direction du déplacement des 
Fourmis était influencée par la position astronomique du soleil. 
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VISUAL SENSITIVITY AND FORAGING IN SOCIAL 
WASPS 


by 
R. E. BLACKITH 
(Imperial College Field Station, Sunninghill, Berks, England.) 


INTRODUCTION 


A substantial amount of experimental work has been concerned with the properties 
of the compound eye of insects, particularly of honey-bees. Most such studies are 
either of visual sensitivity, or of brightness or colour discrimination of flying insects, 
but only when these are sessile and working at the lower limit of their sensivity. Little 
attention has been paid to the possibility that functional threshold illuminations for a 
flying insect in actual flight may be substantially higher than for a sessile insect. The 
luminosity thresholds for the cat (1 10° millelamberts) and for man (5.5 x 10? mL.) 
as determined by Gunter (1951), provide local illuminations much below that at which 
these mammals are able to negotiate objects at speed. 

Wotr and Zerraun-Wotr (1936) find that the eye of the honey-bee, light-adapted 
at 142 mL. failed to respond to a moving strip pattern at luminosities equivalent to 
1-2 mL. After some 30 min. dark adaptation, the strip pattern could be detected 
at about 2 x 10? mL. Bartow (1952) has suggested that, in order to be continously 
visible to a honey-bee, a barely distinguishable mark must be subjected to at least a 
thousand times the illumination necessary for human sight to distinguish it. Bartow 
also showed that the sensitivity of the hymenopterous eye was approximately propor- 
tional to the length of the eye, so that larger insects should be the more sensitive. 

The sensivity of the hymenopterous eye as a whole seems to depend on the largest 
number of ommatidia aligned in any one direction (the length of the eye being the 
greatest such distance) provided that the interommatideal angle is kept Just below the 
limiting resolving power of each ommatidium. Evidently, such a limitation restricts 
the number of facets in an eye of a given size. Barlow discusses the possible advantages 
to an insect of increasing either of these competing attributes. Txrssier (1926) had 


~ earlier found that, over a wide range of insects including the Vespinae, the allometric 


growth of the insects is such that the surface area of a facet is proportional to the 
number of ommatidia in an eye. This relationship presumably reflects the optimum 
balance between the two desiderata noted above. Since this relation holds even 
among the different instars of the mainly nocturnal Blatta orientalis L. it is unlikely 
to be a characteristic of diurnal insects alone, though there are specialized insects for 
which this relation may not hold. The nocturnally foraging South American wasp 
Apoica has smaller eyes than have Vespinae, but the shape of the eye is different and 
the ocelli are more developed (Ricuarps and Ricwarps, 1951). Differences in the 
foraging periods of social hymenoptera may be related to their visual sensitivities. 
The hornet for instance, continues to forage in moonlight (Woop, 1872) whereas the 
writer knows of no such records for British wasps. The object of this paper is to 
present the evidence which establishes the relation between the duration of foraging 
activity and functional visual sensitivity, on a quantitative basis, for some of the social 
hymenoptera. 
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EXPERIMENTAL 


Records of the horizontal illumination were taken at dusk, or at dawn, when foraging 
ceased or commenced. The first practical difficulty was to establish the end-points 
of activity. The second was to decide whether to record the luminosity of the nest 
entrance and flight markers, often in shade, or the general horizontal illumination in 
the open. Neither difficulty proved severe. 

Two end-points were found to be reproducibly observable at dusk: the refusal of 
potential foragers to leave the nest, and the return of the last forager. Refusal to 
forage was usually preceded by abortive flight just sufficiently far from the nest for 
the worker to obtain a clear view of the sky. When perhaps half a dozen such flights 
had resulted in the workers hesitating, and returning to the nest, no further sorties 
were observed. The manner in which these decisions were made by the workers 
determined the choice of horizontal illumination as a measure of light intensity rather 
than nest luminosity. 7 

Exception might be taken to the recording of the illuminations when the last forager 
returns, on the grounds that, once sorties have ceased, the normal duration of a foraging 
trip will decide what illumination obtains when the last entry is made. This duration 
would, stochastically, tend to increase with the number of foragers out at the time. 
However, there is evidence that worker wasps do not always return to the nest at 
night (GauL, 1952 ; Buackiru, 1957) though how general this tendency may be is not 
clear. The last workers at the nest entrance fly slowly from one minor reference mark, 
such as a twig or leaf, to another, and collisions with leaves or blades of grass or with 
other workers are common. This behaviour, together with the sudden cessation of 
activity at a clearly defined level of illumination, leaves little doubt that the last 
entrants are flying at the effective limit of their visual sensitivity. There are interesting 
specific differences in the behaviour of wasps trying to locate the nest entrance at 
dusk. V. rufa hovers until it can lower itself into the hole, but V. germanica lands 
impetuously near the nest and half crawls, half flies, to the hole. V. vulgaris resembles 
V. germanica in this respect. 

When this behaviour was seen, a reading was rapidly taken with a ‘‘Lumeter” 
photometer. By pre-setting the instrument to the expected range, and keeping it as 
near the nest as the shading effect of trees, etc. permitted, only a few seconds elapsed 
before attention was again transferred to the nest to ensure that activity had ceased. 
The low reflectivity coefficient of nest entrances is noteworthy; it usually lies between 
0.4 and 0.05. 

The identification of the wasps was in each instance confirmed by excavating the 
nests and extracting the males and females at the end of the season. 


RESULTS 


Two facts support the contention that illumination is by far the most 
important single factor in determining the duration of foraging in the 
Vespinae. One of these facts is the close agreement between the foraging 
thresholds at dawn and at dusk. 

_ When considering this agreement the normal range of diurnal variation 
is worth bearing in mind. Full summer sunlight provides some 8- 
10,000 lumens/sq.ft., whereas a starlit but moonless night provides about 
0.002 lumens/sq.ft. Within this wide range we find that, for V. germanica 
(Nest A) in Table I, the mean illumination at dawn for the first sortie 


is 0.15 lumens/sq.ft. and in the evening the last forager returns when the 
illumination falls to 0.25 lumens/sq. ft. 
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TABLE I.—V. germanica. 


DATE. NEsv. AIR ILLUMINATION WEATHER 

TEMP. °C, (LUMENS/SQ. FT.) AT NOTES. 

First Last Last 

sortie. sortie. entry. 
He HS A 16.4 — 5.78 0.24 Clear skies 
ace. after rain. 
6 ix 55 A 15.0 = 2.89 0.35 Clear skies. 
XP OO A 6.1/16.7 0.18 i, le} 0.30 Clear skies, 


dawn and dusk, 
mist at dawn. 


Ciba as A say — 2.60 0.35 Clear skies. 
Oeixceeo5 A 12.8/13.6 On 3.32 0.36 Clear skies 
dawn and dusk. 
AUS 250 A 11.1/10.6 0.14 8.08 0.36 Heavy cloud, 
rain at dawn. 
41% 1x *Do A 7.8 0.24 os — Clear skies. 
46 ix °55 A 13.3 — 2.02 0.19 Heavy cloud. 
26 1x *5D A AD. — Oo oil 0.23 Light cloud. 
30 ix °55 A 13.3 02. —_ —- Cloudy. 
tee aay A Aaa 0.14 A: 0.24 Light cloud, 
strong winds 
dawn and dusk. 
11 OO A 15.6 —_ 2.26 0.12 Light cloud. 
UES NS EN A Ae! a 2.74 0.09 Clear skies. 
TasBLe II.—V. rufa. 
Date. NEST. AIR ILLUMINATION WEATHER 
TEMP. °C. (LUMENS/SQ. FT.) AT NOTES. 
——— = LO 
First Last Last 
sortie. sortie. entry. 
Sel Sint] ay? B 17.8 — 2.20 O19 Broken cloud 
6" vill °52 B NAA SH 0.12 {a9 0.28 Thin cloud dawn; 
thick cloud dusk, 
: after rain. 
24 villi °55 C 13.3/22.2 0.40 5.78 0.78 Cloudy dawn 
and dusk: 
light mist dawn. 
26 vili °55 (0; 18.9 — 2.02 0.72 — 
29 viii *55 C 15.6 oe 4.04 0.86 Clear skies. 
30 vill °55 6; 18.3 —— ely 0.37 — 
tie Mays C 42.2/20.0 0.60 Dede 0.26 Clear skies dawn; 
cloudy dusk. 
exe 100 C 16.1 —— 6.37 0.99 = 
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TaBLe III.—V. vulgaris. 


DATE. NEsT. AIR TEMP. °C, ILLUMINATION (LUMENS/SQ. FT.) AT 
OTN SO a 
First Last Last 
sortie. sortie. entry. 
43 vill °52 D 1752 -— 4.00 0.39 
14 viii °52 D 15.6 — 1.38 0.35 
15 vili *53 E 15.4 — 1.33 0.17 
49 vill °53 i 15.4 — 2.50 0.30 
21 vill °53 G ial) — 0.95 0.12 
24 viii °53 G 14.4 — 1.50 0.13 
26 vill °53 G 13.9 — 1.33 0.20 
27 vill °53 G 14.4 — 17 0.42 


TasBLe IV.—V. crabro. 


Date. Nest. AIR TEMP. °C, ILLUMINATION (LUMENS/SQ. FT.) AT 
—— ww eee = 
First Last Last 
sortie. sortle. entry. 
14 villi °53 H 13.3 — 0.0133 0.0033 
24 viii *53 iBT 42,2 — 0.0130 0.0025 
24 vili 53 H 14.4 — 0.0160 0.0042 
26 viii °53 H 10.6/10.6 0.010 0.0180 0.0020 
27 Vil’ 53 H 13.3 — 0.0150 0.0017 


Secondly, when the illumination approaches the threshold in the evening, 
the workers are plainly flying at the limit of their visual sensitivity. 
Typically, they collide with one another and with twigs, leaves, and blades 
of grass and navigate to the nest by way of a series of minor reference 
marks which are not searched for during the day even though the wasps 
may in fact be using them as reference points. 

Similarly, for hornets (table [V) there is good agreement between the 
illumination at which they refuse to forage and that at which they recom- 
mence foraging. These insects, apparently, do not need to refrain from 
leaving the nest at an illumination higher than their visual threshold, as 
do wasps, because their visual threshold is so much lower. For large 
hymenoptera, the foraging thresholds lie within ranges of illumination 
at which predicted dark-adaptation should be complete, in the hornet 
this range corresponds roughly with that found on a moonlit night. 
Direct observation, both visual and aural, confirms the continued noc- 
turnal foraging of hornets recorded by Wood (1872). If a cloud passes 
across the moon, foraging is suspended and restored with the moonlight, 
suggesting that changes of illumination are readily discovered by the 
workers. Moreover, these thresholds are much the same whether the 
moon is full, but lightly obscured by cloud (a diffuse source), or whether 
it.is only three quarters full (virtually a point source). 
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There is now good evidence that the function of the workers stationed 
at night near the nest entrance is more closely connected with the perception 
of light intensity than with defence. Negative evidence is that such 
workers are often so cold after a few hours in this position that they are 
capable only of clumsy movements, such as a feeble hostile separation 
of the mandible when prodded and they fail to respond to a suspended live 
worker from another nest. Nevertheless, shortly before the foraging 
threshold illumination is reached at dawn, these workers crawl out to 
the platform of bare earth and excavated particles common round wasps 
nests and then back into the nest. The inference that the onset of foraging 
is prepared by the return of the workers, often loosely regarded as sentries, 
seems reasonable, though no doubt the information conveyed is no more 
specific than generalized activity. On only one occasion has a foreign 
insect been observed to enter anest. At first light on 11.X.’55 a flying 
Geotrupes stercorarius landed on the entrance of the V. germanica nest, 
and half walked, half fell, inside. The workers at the entrance made no 
response other than the usual swaying of the body which can be evoked by 
prodding them with a stick. Not until the beetle had been in the nest for 
about a minute was there any demonstration by the wasps, but the noise 
of the eventual disturbance was considerable, though no wasps left the 
nest during it. When this nest was excavated a week later the dismem- 
bered integument of the beetle was found below the nest. Badgers, too, 
seem able to excavate wasps’ nests at night with impunity, although the 
eyes and nose are exposed to stings. A noticeable feature of the activity 
of badgers at Silwood Park, where 7 of the 9 known nests were destroyed 
by them during 1955, is that nests of more than about 3-500 workers are 
rarely attacked. Several workers have pointed out that wasps in larger 
nests become more aggressive than those in less populous nests. 


Changes of apparent threshold values with number of foraging 
insects. 


The difficulty of defining a threshold in terms of the behaviour of the 
first or last insect to perform an action is that the vagaries of an individual 
are substituted for the average behaviour of a group of insects. Never- 
theless, these vagaries are themselves predictable. Generally, the more 
workers there are foraging the sharper will these thresholds be defined. 
Although we know that the sorties from, and entries to, a nest follow the 
negative binomial distribution, we may consider the low foraging densities 
for which the frequencies become indistinguishable from the Poisson 
expectations (Blackith, 1957). It is for such low frequencies that the 
problem of estimating the thresholds becomes most acute. 

If there are m wasps returning to the nest per minute at dusk, the probabt- 
lity that the minute in which the true threshold illumination is attained will 
have no returning foragers ise~™. Thus on 1/e™ of the evenings on which 
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the last returning forager is watched, the estimated threshold will be too 
high by the amount by which the illumination is deteriorating per minute. 
Similarly, one out of every e™ evenings will give estimates which are 
high by an amount equivalent to the deterioration of illumination during 
the two-minute interval. Under normal conditions, this deterioration 
is about 0.2 lumen/sq.ft. in two minutes. A more accurate, though less 
immediately useful, estimate is that the illumination decreases by a 
factor of 10 in 10-15 minutes. Broken cloud will produce substantial 
divergencies from this rate over short periods. 

We can obtain some estimate of the error thus caused by considering 
a nest whose foragers return at the low rate of one a minute. 

On an average one threshold in every three will be high by some 
0.2 lumens/sq.ft. Such a bias will be much reduced by an increase of 
foraging strength. 


Relation between eye sizes and foraging thresholds. 


The simple relation propounded by Barlow (1952), that the sensitivity 
of the hymenopterous eye is likely to be proportional to its length, needs 
qualification in the present context. Barlow’s examples of social wasps 
include measurements of the eye of a queen V. germanica (as evidenced 
by the length of 3.31 mm. plotted in his figure) and a queen of V. crabro 
(plotted eye-length 4.60 mm.). For our discussion we need the lengths 
of eye for workers. Moreover, some idea of the distribution of these 
lengths of eye is useful, because, if the range is wide and the distribu- 
tion skew, an unrepresentative minority of workers may be concer- 
ned with those first sorties or last entries which determine the thres- 
holds. 

The eyelengths of 330 workers of V. germanica (from nest A; Table I) 
were found to have a mean of 2.478 mm. The standard error of the 
distribution was 0.13 mm. and that of the mean was 0.0070 mm. The 
distribution was symmetrical and showed no tendency to log-normality. 
The range was narrow from 2.2 to 2.8 mm. The possibility still exists 
that the late foragers are a biassed sample of the worker force, but the 
importance of this possibility is much diminished. The mean length 
of 50 eyes from the virgin queens of this nest was 3.176 mm. (standard 
error of a distribution; 0.087 mm., and of the mean 0.012 mm.). The 
notably greater uniformity of the queens is in accordance with the 
experience of THomson, BELL and Prarson (1910). The eyes of 
100 V. vulgaris workers were on an average 2.337 mm. long, with standard 
errors of 0.096 mm. for the distribution and 0.009 mm. for the mean. 
Thus there is a significant discrepancy of eyelength between these two 
sets of workers of the two species. However, the proper sampling unit 
for investigations of social wasps is probably the nest rather than the 
individual, so that much more extensive investigation would be required 
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before one could say more than that the difference in size of the eyes is 
negligeably small for the present discussion. 

Similarly, two samples of workers were taken from two different nests 
of V. rufa. Nest C (Table II) produced workers whose mean eye—length 
was 2.445 mm., with standard errors of 0.057 for the mean of 35 wasps, 
0.315 for the distribution. Another nest not included in the tables 
contained workers with eyes averaging 2.366 mm. the standard errors 
being 0.094 for the distribution, and 0.014 for the mean of 41 individuals. 
The mean lengths of eye from each nest differ significantly at the 5 % level 
of probability, confirming the suggestion of Taomson, BELL and PEARSON 
(1910) and of RicHarps and Ricwarps (1951) that the effective sampling 
unit for social wasps is the nest rather than the individual. 

The length of the eye of a stock of honeybees was 2.052 mm. (standard 
error of mean of 50 workers 0.018) a value substantially lower than that 
for wasps. Worker hornets, on the other hand, have eyes of average 
length 3.933 mm. with a standard error of 0.088 for the mean of 4 measured 
workers. Thus hornets, wasps and honey-bees have clearly different 
lengths of eye, and clearly different functional illumination thresholds, 
which are inversely related to the eye-lengths. 


DISCUSSION 


The outstanding conclusion from these experiments is that the level 
of illumination is at once important and different in kind from the other 
factors which influence foraging activity. Adverse factors other than 
low illumination, such as coldness, high winds, or heavy rain, may each 
reduce the number of workers foraging, but they do not alter the diurnal 
limits of this activity save in so far as these depend stochastically on the 
number of foragers. 

Otherwise, a few workers will leave the nest at dawn even when the 
grass temperatures are as low as 2°C, or in winds gusting to Force 7 
(about 50 km./hr.) on the Beaufort scale (moderate gale) and in steady 
rain. The readiness of workers to leave the nest under such conditions 
seems greater at dawn (first light) than at any other time. avd 

The processes of nest-awakening, taking flight, and foraging are distinct. 
The first two processes are uniquely determined by the illumination, 
though adverse conditions may induce a high proportion of workers to 
refuse to forage, and at dusk the foragers will refuse at illuminations 
insufficient to permit the successful conclusion of a sortie. Foraging 
itself depends on the visibility of reference marks, and is shown to be 
distinct from, though naturally bound up with, illumination by the 
behaviour of workers in a thick mist at dawn. In these circumstances 
the worker will take flight as soon as the critical illumination is reached, 
but wander in the vicinity of the nest before returning, for a period which 
increases as the visibility improves. In terms of the human eye, a visibility 
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of about 70 yrds. is needed for free foraging without refusals, but the 
difference between human and vespine vision may well vitiate this 
comparison. 

The compound structure of the insect eye might lead one to expect 
a different threshold according to whether the illumination is diffuse or 
concentrated. Yet the intensity of illumination required for the foraging 
of hornets is the same whether it be from a full moon lightly obscured by 
cloud or an unobscured three-quarter moon. The behaviour of workers 
whose nest is among undergrowth supports the view that wasps judge 
when to take flight by the appearance of the sky, and are not misled by 
artificial (local) illumination. Such workers fly as far as is necessary 
to obtain a clear view of the sky, though such short trips are often observed 
in unobscured nests, even when no refuse is to be dropped, at dusk. 

The decision to refuse or to continue foraging must depend on the 
sensitivity of the individual worker, but is also likely to vary with the 
drive to a particular form of collecting activity. Brian and Brian (1953) 
have shown that the predominant form of foraging activity alters during 
the day, and that workers engaged on one activity are but little interested 
in opportunities for other types of foraging. Since these drives are 
probably aquired during the worker’s stay in the nest, their willingness 
to forage may be modified by the extent to which environmental con- 
ditions interfere with the several forms of activity. A forager intending 
to collect insect food might well be more easily deterred by lowtemperatures 
than would be one requiring building material or concerned to jettison 
refuse. 

A noticeable feature of wasp behaviour is the greater élan with which 
wasps move at dawn, perhaps because the light is then improving, perhaps 
because they are then rested. Workers take rapid advantage of lulls 
in periods of inclement weather, arriving back at the nest during intervals 
between showers and gusts of wind where possible. ; 

Although the main conclusions of this work are in broad agreement 
with those of Gaux (1952) the amplification of the scope of the work 
suggests that revision of his conclusions is desirable. GavuL suggests that, 
up to a point, higher temperatures induce activity at lower intensities of 
illumination, and conversely. The difference between the species studied 
by Gaut and those studied here may account for the present conclusion 
that activity is independent of temperature above 2°C, but it is also possible 
that GauL made insufficient allowance for the quantitative relationship 
between temperature and activity, and hence the indirect stochastic 
dependence of the illumination threshold on the ambient temperature, 
without there being any direct qualitative dependence. 

According to GauL, the lowest temperature at which Vespula maculifrons 
Bey will fly is 8. 5° C, and for Dolichovespula maculata L. it is 5°C. These 
values seem to be higher than for any British species of Vespula, whose 
thresholds lie between 0.1 and 41.0 lumens per sq. ft. at all temperature 
down to 2°C. If we ignore the supposed influence of temperature in 
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Gaut’s experiments, his species fly at illuminations within the range 
quoted for the European species. 

The ecological consequences of these physiological differences among 
Vespinae are considerable. The worker force of the hornet has, potentially, 
a foraging capacity out of all proportion to the numerical relation between 
the numbers of workers severally available to hornets and to those 
wasps with subterranean nests. Taking the foraging threshold at 
0.01 lumens/sq.ft. there will be some 20 nights during the season throughout 
which hornets can forage, weather permitting. A full moon provides an 
illumination of about 0.013 lumens/sq.ft. and in general not all the night 
will be so illuminated. We do not know, however, whether rest is neces- 
sary for the workers, nor whether all types of foraging can be done at these 
low illuminations. 

Nests of social wasps kept in the laboratory and made visible by removal 
of the envelope show greatly reduced activity at night. Some indication 
that this result is not an artefact of captivity is given by the rapid nocturnal 
killing of wild nests with hydrogen cyanide. On excavation some workers 
are found with larvae and small stones or earth in their mandibles, which 
fact suggests some continued activity at night. 

The worker force normally increases up to the time the sexual forms 
are produced, but the amount of work which can be done by each worker 
outside the nest decreases steadily from midsummer, when about 17 hours 
are light enough for wasps to work, until early November, when only 
about 10 hours can be worked. This reduction of the effective foraging 
capacity is more serious for wasps than for hornets. 

A few observations on honey-bees suggest that although the critical 
illuminations are much higher for Apis than for wasps, the difference 
between the logarithmic intensities at which sorties and entries cease iS 
the same as it is for wasps and for hornets. This constant difference in 
stimulus, measured on that logarithmic scale which is appropriate to many 
biological stimuli, suggests that the higher illumination needed for sorties 
by social hymenoptera at dusk may be determined by a difference in the 
drive to foraging rather than by the teleologically more obvious need to 
allow time for a forage before return to the nest becomes impracticable. 
However, the drive of the honey-bee towards foraging activity 1s 
notoriously dependent on the weather, and on the honey-flow, so that this 
part of the investigation was not pursued. 


Summary. 


While there is a distinction between that intensity of illumination 
which permits social wasps to forage, and that to which a sessile worker 
can respond, nevertheless illumination is the most critical of the environ- 
mental factors which control the activity of wasps. Low temperatures, 
high winds, and heavy rain all reduce activity but unless exceptionally 
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severe do not wholly stop it. At dawn, when the critical level of illu- 
mination is attained, workers leave the nest, but at dusk they will not 
leave should the same critical level be due in the course of the foraging 
flight, after which they could not return. 

The three species of wasp, Vespula vulgaris, V. rufa, and V. germanica 
have a common threshold of illumination, although the hornet, Vespa 
crabro can forage in moonlight at an altogether lower illumination. 
Honey-bees normally need a still higher illumination than do wasps. 

In all these species, the thresholds of illumination are related to the 
length of the compound eyes, so that species with large eyes need less 
light by which to forage. Moreover, there is a slight difference between 
the threshold at dawn when workers leave the nest, and that at dusk, 
when they must needs have sufficient ight by which to return. This 
difference is almost constant for each species, when, as is customary, 
one measures it on a logarithmic scale. 

Lastly, the estimates, which these experiments provide, of the threshold 
illuminations depend stochastically on the number of workers foraging. 
A correction for this bias is given. 


Sommaire. 


Parmi les facteurs du milieu qui contrélent l’activité des guépes, celui 
de Vintensité de lumiére est le plus important ; toutefois on note une 
différence entre Vintensité de lumiéere qui permet aux guépes sociales de 
fourrager, et celle qui produit une réponse des ouvrieres sessiles. 

En général, les basses températures, les vents forts, et les grandes 
pluies réduisent leur activité, mais ces facteurs ne l’arrétent pas comple- 
tement, a moins quwils ne soient trés marqués. 

A laube, quand le niveau critique de lumiére est atteint, les ouvriéres 
quittent le guépier, mais, le soir, si elles s’attendent 4 ce que la lumiére 
vienne a s’abaisser au cours de leur sortie au-dessous du niveau critique, 
elles ne sortent pas. 

Les trois espéces de guépe, Vespula vulgaris, V. rufa, et V. germanica, 
réagissent au méme seuil de lumiére, mais le frelon, Vespa crabro, est 
capable de fourrager au clair de lune par une lumiére moins intense. 
Normalement, les abeilles exigent une lumiére plus intense que les guépes. 

Dans toutes ces espéces, le seuil de lumiére se rapporte a la hauteur des 
yeux composés, par conséquent les espéces pourvues de grands yeux sont a 
méme de fourrager par une lumiére moins intense. De plus, il y a une légére 
différence entre le seuil de lumiére a l’aube, quand les ouvriéres quittent 
le guépier, et celui du soir Jorsqu’elles ont besoin d’une lumiére suffisante 
pour rentrer. Cette différence, quand elle est mesurée A l’échelle logari- 
thmique, comme il est d’usage, est presque constante pour chaque espéce. 

Enfin, les évaluations du seuil de lumiére dans ces expériences dépendent 
stochastiquement du nombre d’ouvriéres en train de fourrager. On a tenu 
compte de ce fait. 
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Epitome. 


Distinctio inter duas res fit, aut lumen idoneum est qui vespis socialibus 
facultatem volitare det, aut stativas vespas utcunque ututque respondere 
sinet. Si lux tenet, et frigus et ventus atque imber strenuitatem vesparum 


aegre opprimunt, nisi quum graviores sunt; sin minus, obscuritas immobi- 
litatem importat. 


Tria genera, id est Vespula vulgaris, V. rufa, V. germanica, supparibus 
liminibus lucis expergiscuntur proveniuntque, sed de crabrone, Vespa 
crabro, propter oculos longiores vespis lumen minus est, quoad lunae 
lumen desit. Contrarie, de apibus in alveum congerens propter oculos 
breviores limen superat. 

Prima luce limen lucis subtiliter sed significanter deficit quod ad 
crepusculum attinet dum lux paulatim contabescit. Disjunctio inter 
haec limina in unoquoque genere constat, dummodo ad gradum logarith- 
meticum, ut est consuetudo, disponantur. Vesperi vespae, omissa fuga, 
temperi commorantur, quominus permulti pabulatores, quasi in loco 
clarigationis, abnoctent. 
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CONTRIBUTION A L’ETUDE 
DE L’ONTOGENESE SENSORI-NERVEUSE 
DU TERMITE CALOTERMES FLAVICOLLIS FAB. 


par 


Christian DENIS 
(Laboratoire de Biologie animale S. P. C. N., Faculté des Sciences de Rennes). 


Introduction. 


L’anatomie sensori-nerveuse des Termites est encore mal connue. Les travaux de 
Hartwe tt (1924) se rapportent a Reticulitermes flavipes, ceux de Noyes (1929) a 
Termopsis angusticollis Hagen et ceux de Ricuarp a Calotermes flavicollis Fab. Ce 
dernier auteur a étudié, en particulier, les pattes (1949-1950) et les piéces buccales 
(1951) de la nymphe du septiéme stade de développement. 

J’ai repris étude de l’anatomie sensori-nerveuse des pattes de Calotermes flavicollis 
Fab., en précisant plus spécialement la mise en place des nerfs et des sensilles au cours 
de l’ontogenése de cet Insecte paurométabole. 


Matériel et méthodes. 


Calotermes flavicollis Fab. (super-ordre des Blattoptéroides, ordre des Isopteres, 
famille des Calotermitidae) vit dans le Midi de la France. Ses colonies se développent 
principalement dans les trones de Micocouliers et dans les ceps de vigne. Les animaux 
étudiés ont été récoltés & Banyuls-sur-Mer. 

Pour colorer les nerfs et les cellules nerveuses, j’ai utilisé la méthode de coloration 
supra-vitale au bleu de méthyléne. Le bleu est celui de Gurr (Londres) en solution 
a 1 % dans une solution de chlorure de sodium a 0,75 %. Selon la méthode mise au 
point par Ricuarp (1950), le bleu est injecte dans les pattes, a l’aide d’une pipette 
de verre, et fixé par le molybdate d’ammonium en solution aqueuse a 4% pendant 
douze heures alaglaciére. Ensuite les piéces sont lavées deux heures dans l’eau courante, 
déshydratées rapidement dans Valcool absolu, éclaircies dans le toluéne et montées 
in toto entre lame et lamelle dans le baume du Canada. Cette méthode colore élective- 
ment le tissu nerveux. 

L’orientation des pattes est donnée par la convention de GRIMsHAW (1908) : les 
membres étendus perpendiculairement a l’axe longitudinal du corps présentent une 
face dorsale, une face ventrale et des faces latérales, antérieure et postérieure. 


* 


Caractérisation des stades de développement. 


Les stades larvaires successifs ont été déterminés par des mesures 
du coxa, du fémur et du tibia (tableau I). Par ailleurs, les nymphes ont 
été également caractérisées par le développement de leurs fourreaux 
alaires et la formation des ébauches oculaires. Les nymphes du cinquieme 
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stade ont des fourreaux alaires trés courts, celles du sixieme stade ont 
des fourreaux plus grands. Au septiéme stade, les fourreaux alaires sont 
trés allongés et les ébauches oculaires se pigmentent chez les individus 


Agés. 


TABLEAU I. — DIMENSIONS DU COXA, DU FEMUR ET DU TIBIA DES LARVES 
ET DE L’IMAGO. 


(Les dimensions sont exprimées en microns.) 


Coxa FEMUR TIBIA 
STADES 
Longueur | Largeur | Longueur | Largeur | Longueur | Largeur 
4 200 170 260 90 260 50 
2 220 180 300 100 300 60 
3 280 190 360 130 360 80 
4 390 x 250 480 160 480 110 
5 600 480 é 670 230 670 150 
6 670 540 690 230 690 150 
7 750 600 720 240 720 160 
Imago 840 670 750 250 750 160 


TOPOGRAPHIE SENSORI-NERVEUSE 
AU COURS DU DEVELOPPEMENT LARVAIRE 


1. — Généralités. — Les pattes de Calotermes flavicollis Fab. portent de 
nombreux organes sensoriels se rattachant & deux grandes catégories 
(Ricuarp, 1949 et 1950) : ce sont, d’une part, les sensilles externes chiti- 
nisées réparties sur toute la surface des pattes, d’autre part les organes 
chordotonaux, organes sensoriels internes, dont l’extrémité est constituée 
par une substance sans doute légérement différente de la cuticule chiti- 
neuse. Ces derniers peuvent étre isolés ou groupés, constituant alors des 
complexes chordotonaux. 

Les sensilles externes sont de trois sortes (terminologie de Snop- 
GRASS) : Les sensilla trichodea; ce sont des soies coniques A longueur de 
beaucoup supérieure au diamétre de base, mais dont la taille est variable. 
Elles sont réparties sur ensemble de la patte. — Les sensilla basiconica; 
ce sont aussi des soies coniques, mais dont la longueur est peu supérieure 
au diamétre de base ; leurs parois sont moins épaisses que celles des 
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sensilla trichodea. Elles se présentent en groupes situés A des endroits 
fixes. Elles sont toutes de taille égale chez des larves d’age déterminé. 
— Les sensilla campaniformia, ou pores sensoriels (ou pores de Hicks) ; 
ces sensilles ont une forme circulaire ou elliptique et on distingue : des 
pores de grandes dimensions souvent groupés et toujours situés A des 
places fixes ; des pores de petites dimensions répartis sur l'ensemble de la 
patte. 

Les sensilla trichodea des larves de Calotermes appartenant aux quatre 
premiers stades de développement ont des dimensions relativement peu 
_ variables (tableau II). 


TABLEAU II. — DIMENSIONS DES ORGANES SENSORIELS DE LA PATTE 
DES DIVERSES LARVES ET DE L’IMAGO AU COURS DU DEVELOPPEMENT. 


(Les dimensions sont exprimées en microns.) 


SENSILLA TRICHODEA S. BASICONICA S. CAMPANIFORMIA 
a Diamétre Diameétre Ces eS Co tea 
Longueur Longueur grand/petit| grand/petit 
; ES TEES “diametre diametre 
1 25 a 35 344 8 ARS 5/4 
2 Id. Id. Id. Td. Id. 
3 25 a 40 Id. 10 Id. Td. 4/3 
4 Id Id 45 2 Td Id 
Sa 45% e445 a2 
5 25 a 35 3 a4 20 350 6/5 5/4 
40 a 60 5 a 6 
metas Id. Id. Id. Id. Id. Id. 
40 a 25 aaa es) 
40 a 60 5 
Imago 30 4 8/6 6/4 
70 a 80 8 
120 a 140 8 
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Mais, chez les nymphes et chez les imagos, on peut reconnaitre des sen- 
silles de trois tailles. 


REMARQUE. — Quelle que soit la dimension ou la position d’une sen- 
sille, elle est, en général, innervée par une seule cellule sensorielle dont 
le noyau a un diamétre de 10 a 12 microns. Seules certaines grosses sen- 
silla campaniformia ont une cellule sensorielle dont le diamétre du noyau 
atteint 15 microns. 


2. — Les organes sensoriels de la larve néonate. — Je décrirai la patte 
mésothoracique, qui représente le type moyen. La patte prothoracique | 
présente quelques variations par rapport a ce type moyen ; ces variations 
seront soulignées plus loin. 


a) Coxa. — Le coété dorsal de la face antérieure du coxa est marqué 
par une dépression longitudinale. Cette face porte dorsalement sur son 
bord proximal un groupe de 4 ou 5 sensilla basiconica et, ventralement, 
1 ou 2 sensilla trichodea. Dans la région médio-dorsale, s’échelonnent 4 ou 
5 sensilla trichodea; une derniére est située dans la région ventrale. 

La face postérieure porte 3 ou 4 sensilla trichodea le long du bord dor- 
sal, puis une autre ventralement. (Fig. 1) 


b) TRocHANTER. — Pres de l’articulation coxo-trochantérale, et en posi- 
tion dorsale sur la face antérieure, se place un groupe de 5 ou 6 sensilla 
basiconica. Au centre de cette face, on trouve deux groupes de 3 a 4 sen- 
sulla campaniformia, et un autre de trois le long du bord distal. La face 
antérieure porte encore une sensilla trichodea en position dorsale et trois 
autres en position ventrale. Enfin on remarque 2 petites sensilles (8 microns) 
situées sur le bord ventral, pres de Varticulation coxo-trochantérale. 

La face postérieure porte en son centre un groupe de 4 sensilla cam- 
paniformia, et un autre groupe plus ventral de 3 sensilla trichodea. 


c) Frmur. — Le bord dorsal de la face antérieure porte une rangée de 
5 ou 6 sensilla trichodea, le bord ventral n’en porte que 2 ou 3. Une autre 
sensille est située au milieu et plus distalement. 

Dans la région proximale de la face postérieure on reléve 2 sensilla 
campaniformia. Le bord dorsal porte 4 ou 5 sensilla trichodea alignées ; 
le bord ventral n’en porte qu’une ; on reléve une autre sensilla trichodea 
au centre de l’article et 2 4 son bord distal. 

Six clous scolopaux sont groupés dorsalement dans le fémur et une 
dizaine d’autres sont échelonnés jusque dans la région médiane de l’ar- 
ticle : ils constituent le scoloparium fémoral. 


d) Tip1a. — Au tiers proximal du tibia, et dorsalement sur la face pos- 
térieure, on voit 2 sensilla campaniformia (pores de Hicks). 
Distalement sur la face antérieure se trouvent les ébauches de 2 petites 
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sf cmic 1b 


ee 


Fic. 1. — Patte mésothoracique de la larve néonate de Calotermes flavicollis. Organes sensoriels. 
Nerfs sensoriels et nerfs moteurs. 


A, face antérieure ; B, face postérieure, x 110 ; gt, ganglion thoracique ; cm, cellule multipolaire ; 
gsb, groupe de sensilla basiconica ; gsc, groupe de sensilla campan iformia ; sf, scoloparium fémoral ; 
ssg, scoloparium subgénual ; std, scoloparium tibial distal ; stp, scoloparium tarso-prétarsien ; 
1, nerf antérieur ventral : 2, nerf postérieur ventral ; 3, nerf tibial antérieur ; 4, nerf postérieur. 
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épines avec un pore a leur base. L’une est ventrale, l’autre dorsale. En 
position analogue, la face postérieure porte l’ébauche d’une épine ven- 
trale avec son pore basal, et un pore dorsal. 

Sur la face antérieure du tibia, on voit 3 ou 4 sensilla trichodea sur le 
bord dorsal, 2 sur le bord ventral et 5 dans la partie médiane. 

Sur la face postérieure, on voit 3 ou 4 sensilla trichodea sur le bord 
dorsal, 3 sur le bord ventral et 3 ou 4 médialement. 

Le scoloparium subgénual situé au tiers proximal, dans le conduit 
sanguin dorsal du tibia, contient 7 clous scolopaux. I] comprend un organe 
subgénual proprement dit 4 4 clous scolopaux en direction transversale 
et un subgénual distal & 3 clous scolopaux en direction oblique. Distale- 
ment, dans le conduit sanguin dorsal du tibia, 3 clous scolopaux groupés 
constituent le scoloparium tibial distal. Chacune des 3 petites épines 
tibiales présente également un clou scolopal dans sa base. 


e) Tarse. — Sur la face antérieure, chacun des deux premiers articles 
du tarse porte 2 sensilla trichodea, l'une ventrale, autre dorsale. Le troi- 
siéme article a 4 sensilles, 2 ventrales, une médiane et une dorsale. 

Le prétarse porte 3 ou 4 sensilla trichodea dorsalement sur la face anté- 
rieure, 2 ventralement et 4 dans la région médiane. 

La face postérieure du tarse montre la méme topographie sensorielle 
que la face antérieure. 

Chaque article du tarse porte dorsalement, en outre, une sensilla cam- 
paniformia. 

Le bord articulaire distal du prétarse montre un pore dorsal entre 
les deux griffes et 2 pores ventraux sur chaque face. Ces pores sont situés 
a proximité de 2 sensilla trichodea. Entre les deux griffes se trouve une 
petite sensilla trichodea (8 microns). 

Dans le prétarse, on reléve 3 clous scolopaux constituant le scolopa- 
rium tarso-prétarsien et deux autres dont les prolongements distaux 
pénétrent dans les deux griffes. 


3. — Les nerfs de la larve néonate. — Du ganglion thoracique partent 
deux nerfs qui pénétrent dans le coxa et vont innerver les muscles et les 
organes sensoriels de la patte : ce sont le nerf antérieur ventral (nerf 1) et 
le nerf postérieur ventral (nerf 2). 


a) LE NERF ANTERIEUR VENTRAL. — Le nerf antérieur ventral nait 
latéralement du ganglion thoracique et presque en position dorsale. De 
ce nerf se détache rapidement une branche tégumentaire qui innerve les 
sensilles du sternite au voisinage de V’articulation coxale. Puis le nerf 1 
penetre ventralement dans le coxa et le traverse en position antéro- 
dorsale, les rameaux sensoriels qu'il fournit. s’6panouissent sous la face 
antérieure du coxa. Dés son entrée dans cet article, il émet une branche (1 a) 
dont un rameau court innerve la plaque de sensilla basiconica située dans 
la région proximale. Un second nerf plus long fournit 2 ou 3 terminaisons 
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sensorielles dans la région médio-dorsale. Une deuxiéme branche (1 b), 
trés courte, issue du nerf 1, est motrice : ses prolongements se perdent 
dans un des faisceaux du muscle élévateur du trochanter. Une troisioéme 
branche (1 ¢) sensorielle envoie 2 ou 3 terminaisons distalement et ventra- 
lement. Dans le coxa enfin, le nerf 1 envoie un petit rameau terminé 
par une cellule multipolaire située dorsalement prés de l’articulation coxo- 
trochantérale. Le nerf 1 pénétre dans le trochanter et le traverse en posi- 
tion dorsale. Distalement, dans cet article, il fournit un rameau moteur 
dont les terminaisons se perdent dans les muscles réducteurs du fémur. 
A es enfin dans le fémur, ou il se termine dans les muscles élévateurs 
u tibia. 


b) LE NERF POSTERIEUR VENTRAL. — II] est beaucoup plus gros et 
plus important que le précédent, et il atteint ’extrémité du tarse. I] nait 
latéralement du ganglion et en position presque ventrale. Il émet rapide- 
ment une branche importante (2 a) dont un premier rameau est moteur. 
Il innerve les muscles pleuro-tergaux du coxa, les muscles rotateurs 
antérieurs et les muscles abducteurs du coxa, ainsi que tous les muscles 
élévateurs et dépresseurs thoraciques du trochanter. Un second rameau 
est sensoriel, il se bifurque rapidement. L’une de ses branches fournit 
2 ou 3 terminaisons dans la partie proximale dorsale de la face postérieure 
du coxa. L’autre, plus importante, envoie deux prolongements dorsaux 
et un ventral. Un dernier rameau issu du nerf (2 a) innerve les muscles 
rotateurs postérieurs du coxa et le muscle abducteur du méme article. 
Distalement, le nerf 2 envoie un rameau moteur dans les muscles dépres- 
seurs du trochanter. Le nerf 2 pénétre dans le trochanter en position 
dorsale, il fournit alors deux branches sensorielles. L’une (2 5) s’épanouit 
vers la face antérieure. Dés sa naissance, elle se divise en quatre rameaux 
dont le premier innerve le groupe de sensilla basiconica. Le second se 
dirige vers la région proximale ventrale, ot il fournit trois prolongements. 
Le troisiéme innerve les deux groupes centraux de sensilla campanifor- 
mia. Le dernier se dirige vers la région distale, ot il innerve les sensilla 
campaniformia situées le long de Varticulation trochantéro-fémorale ; il 
se prolonge obliquement par deux terminaisons. L’autre branche (2 c) 
issue du nerf 2 dans le trochanter a une origine trés voisine de celle du 
nerf (2 b), elle s’épanouit sous la face postérieure. Elle se divise dés sa 
naissance en trois parties. Un prolongement se dirige vers la région ven- 
trale. Un rameau trés court fournit des arborisations vers le groupe de 
sensilla campaniformia. Un dernier rameau part obliquement et envoie 
* deux terminaisons dans la partie distale du trochanter. 

Le nerf 2 traverse dorsalement le trochanter, mais toujours en posi- 
tion ventrale par rapport au nerf 1. Contrairement a ce qu’a observé 
Depatsteux chez les Blattes, ces deux nerfs ne se fusionnent pas dans 
cet article ; dans certains cas, toutefois, ils semblent se chevaucher. 

Le nerf 2 pénétre ensuite dans le fémur. I] émet aussit6t une branche 
trés importante, le nerf tibial antérieur (nerf 3), qui, dés son individuali- 
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Fic, 2. — Fémur et tibia. Face antérieure. Evolution des organes sensoriels et des nerfs sensoriels 
au cours du développement larvaire. 
A, larve du septiéme stade ; B, larve du cinquiéme stade ; C, larve du troisiéme stade ; A et B, 
x 75; C, X 110 ; em, cellule multipolaire ; sf, scoloparium fémoral ; ssg, scoloparium subgénual : 
2,.nerf postérieur ventral ; 3, nerf tibial antérieur ; 4, nerf tibial postérieur. 
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sation, envoie deux prolongements sensoriels, l’un ventral, l’autre dorsal. 
Puis le nerf 3 se divise en donnant une branche sensorielle (3 a), ou nerf 
fémoral antévieur, qui innerve le scoloparium fémoral et poursuit son 
trajet en position antéro-dorsale jusqu’a l’extrémité du fémur, ou elle se 
termine par 4 ou 5 arborisations sous la face antérieure. Sur son parcours, 
elle envoie aussi vers cette face un prolongement ventral et un dorsal. 

Le nerf 3 traverse le fémur dans l’axe de cet article et pénétre dans 
le tibia ot il se termine. Tl fournit tout d’abord un petit rameau sensoriel 
proximal dans la région antéro-dorsale. Puis le nerf (3) innerve lorgane 
subgénual et poursuit son trajet en position antérieure jusqu’a VPextré- 
mité du tibia, ou il se termine par 6 ou 7 arborisations innervant notam- 
ment les deux pores distaux. Sur son parcours il fournit aussi 3 ou 4 pro- 
longements dans la région moyenne du tibia. 

Tout prés de lorigine du nerf 3, le nerf 2 émet une branche senso- 
rielle (2 d) ou nerf fémoral postérieur, dont un petit rameau innerve 
le groupe de pores situés proximalement sur la face postérieure. La 
branche (2 d) suit un trajet postéro-dorsal jusqu’a l’extrémité du fémur, 
ot elle se termine en formant 3 ou 4 arborisations. Sur son parcours, elle 
envoie 4 ou 5 terminaisons ; 2 ou 3 se dirigent dorsalement et 2 ventrale- 
ment. Distalement, elle forme un demi-collier autour de apodeme dor- 
sal du tibia, reliant ainsi deux cellules multipolaires dont les prolonge- 
ments dendritiques se perdent dans Varticulation fémoro-tibiale. 

Le nerf 2 traverse le fémur en position axiale comme le nerf 3, 
envoyant sur son parcours des rameaux moteurs aux muscles dépres- 
seurs du tibia. Il pénétre ensuite dans cet article, ot il donne naissance 
a une branche sensorielle importante : le nerf tibial postérieur (nerf 4). 

Le nerf 2 reste profond ; il traverse le tibia en position médio-ventrale. 
Dans cet article, il fournit 3 rameaux moteurs, le premier est proximal 
et innerve le muscle dépresseur du prétarse, le second est médian et 
innerve le muscle élévateur du tarse, le dernier est émis au tiers distal 
et se rend au muscle dépresseur du tarse. Le nerf 2 passe ensuite en 
position axiale, innerve le scoloparium tibial distal et pénétre dans le 
tarse. 

Il envoie 2 petits rameaux sensoriels en position antérieure dans les 
trois articles du tarse. Dans le prétarse, il fournit plusieurs terminaisons 
sensorielles en position antérieure, innervant notamment les deux pores 
ventraux et celui qui est situé dorsalement entre les deux griffes. 

Le nerf 4 envoie une branche sensorielle postérieure dans la région 
proximale du tibia et innerve le pore de Hrcxs le moins éloigné. C’est 
un autre petit rameau issu du nerf 4 qui se rend au deuxiéme pore de 
Hicks. Le nerf 4 traverse le tibia en position postéro-ventrale, envoyant 
2 ou 3 terminaisons sur son parcours. Il fournit, par contre, 4 ou 5 prolon- 
gements postéro-dorsaux plus longs. Distalement, un petit rameau innerve 
notamment le pore situé a la base de l’épine postéro-ventrale du tibia 
et le clou scolopal de celle-ci. Puis le nerf 4 passe en position axiale, 
envoie un prolongement a une cellule multipolaire située dans l’articula- 
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tion tibio-tarsienne et pénétre dans le tarse. Il émet alors 2 ou 3 petits 
rameaux sensoriels postérieurs dans les trois’ articles du tarse et innerve 
notamment les 3 pores situés dorsalement sur chacun des articles du tarse. 
I] se termine dans le prétarse en position postérieure, formant des arbori- 
sations sensorielles superficielles. 


4. — Ontogenése sensorielle. — Au cours des trois premiéres mues 
larvaires, le nombre des organes sensoriels augmente assez peu (tableau ITT) 
et la patte d’une larve du quatriéme stade ressemble beaucoup a celle 
d’une larve néonate. Il se forme A chacune de ces mues 3 4 5 sensilla tri- 
chodea sur la face antérieure et sur la face postérieure de chacun des seg- 
ments de la patte, excepté sur le trochanter. Les groupes de sensilla basi- 
conica et de sensilla campaniformia situés sur le coxa, le trochanter, le 
fémur et le tibia comptent 1 ou 2 sensilles supplémentaires aprés chacune 
de ces mues. En particulier, 4 la premiére mue larvaire, il se forme sur 
le tibia 2 sensilla campaniformia situées dorsalement par rapport au pore 
de Hicks le plus proximal. Enfin, il se forme 1 a 3 petites sensilla cam- 
paniformia sur la face antérieure et la face postérieure de chacun des 
segments de la patte lors de la deuxiéme et de la troisiéme mue larvaire. 

Chez les larves du quatriéme stade de développement se produit un 
renflement de la partie dorsale du coxa. Ce renflement s’accentue chez 
les larves du cinquiéme stade. La dépression de la face antérieure sub- 
siste et isole une partie dorsale sur cette face. 

Les organes sensoriels subissent une forte multiplication au cours de 
la quatriéme mue larvaire. On distingue alors des sensilla trichodea de 
tailles différentes (voir le tableau II). 

Des le cinquiéme stade larvaire, on peut définir des territoires de la 
patte sur lesquels la densité des organes sensoriels est plus ou moins 
forte. Sur le coxa, les régions ventrales antérieure et postérieure, ainsi 
que la région postéro-dorsale, sont riches en sensilla trichodea. La face 
antérieure du trochanter est particuliérement riche en organes sensoriels. 
Le fémur et le tibia présentent une forte densité de sensilla trichodea 
dorsalement sur leurs faces antérieure et postérieure, et a leur extrémité 
distale, prés de l’articulation. De méme, Vextrémité du prétarse est riche 
en organes sensoriels. 

Les nymphes des sixiéme et septiéme stades montrent une augmen- 
tation du nombre des organes sensoriels. Toutefois, la densité relative 
des sensilles sur les territoires définis chez les nymphes du cinquiéme stade 
ne change pas. 

Les organes sensoriels de l’imago sont sensiblement plus grands que 
ceux des nymphes ; certains peuvent atteindre la taille de 120 4 140 microns. 
L’aréte dorsale du coxa est encore plus accentuée que chez les larves. 
Par contre, la topographie sensorielle de la patte de ’imago ressemble 
beaucoup a celle de la patte d’une nymphe, et les territoires particulié- 
rement riches en organes sensoriels définis précédemment sont les 
mémes. 
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REMARQUE. — Le nombre de clous scolopaux de chaque organe chor- 
dotonal reste constant au cours de l’évolution post-embryonnaire. 


TABLEAU III. — NoMBRE TOTAL DE SENSILLES SUR LA FACE ANTERIEURE 
ET LA FACE POSTERIEURE DU COXA, DU FEMUR ET DU TIBIA. 


Coxa FEMUR TIBIA 
STADES 
Face Face Face Face Face Face 
antérieure | postérieure | antérieure | postérieure | antérveure | postérveure 
1 10 a 12 4as Sranio 1Opamt A2 a 43 14 a 15 
5 110 60 70 45 65 70 
Imago 150 90 100 85 80 85 


Individus du huitiéme stade. 


On sait que certains soldats de la colonie et que les pseudergates 
(GrassE et Norrot) sont issus des nymphes du septieme stade aprés une 
mue supplémentaire régressive. 

Il était intéressant de comparer leur chétotaxie a celle des autres indi- 
vidus de la colonie. 


Les soLpats. — On ne remarque qu’un fort élargissement du fémur. 
(Le rapport entre la longueur et la largeur du fémur est de 2,5, alors qu'il 
est de 3 pour les larves et pour l’imago.) Le nombre et la taille des organes 
sensoriels restent les mémes que chez les nymphes du septiéme stade. 


LES PSEUDERGATES. — La protubérance dorsale du coxa est peu accen- 
tuée. Les segments de la patte sont plus gréles. Le rapport de la longueur 
a la largeur du fémur est de 3,5. On constate une forte régression du 
nombre des organes sensoriels sur la face postérieure du coxa et du fémur. 
Par contre, leur taille reste sensiblement la méme que chez l’imago. 
La face postérieure du coxa porte une dizaine de sensilles de taille nor- 
male (50 4 70 microns) sur le bord proximal dorsal et autant sur le bord 
ventral. Au centre de cette face, on ne voit que 10 a 15 sensilles trés petites 
(5 a 10 microns). La face antérieure du fémur porte 8 a 10 sensilles de 
grande taille ventralement. Ces grandes sensilles manquent d’ailleurs 
chez certains pseudergates examinés. Sur la face postérieure, par contre, 


Fic. 4. — Patte mésothoracique de l’imago. Face antérieure. x 60. 


gt. ganglion thoracique ; cm, cellule multipolaire ; gsb, groupe de sensilla basiconica ; gsc, groupe 
de sensilla campaniformia ; sf, scoloparium fémoral ; ssg, scoloparium subgénual ; stp, scoloparium 
tarso-prétarsien : 1, nerf antérieur ventral ; 2, nerf postérieur ventral ; 3, nerf tibial antérieur ; 
4, nerf tibial postérieur. 
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on trouve une vingtaine de trés petites sensilles (5 & 10 microns). Les 
deux groupes de sensilla basiconica du coxa et du trochanter ne comptent 
chacun que 5 a 7 sensilles. Chacun des groupes centraux de pores du 
trochanter n’a que 4 45 sensilla campaniformia. Il n’y a pas de régression 
sensible sur le tibia et sur le tarse. 


Comparaison de la patte métathoracique et de la patte mésothoracique. 


La patte métathoracique ressemble beaucoup a la patte mésothoracique. 
Les différences portent en particulier sur la taille du tibia : le tibia méso- 
thoracique de la larve néonate mesure 250 microns, alors que le tibia 
métathoracique de la méme mesure 280 microns. Au cours des mues, la 
croissance du tibia métathoracique est plus rapide que celle du tibia 
mésothoracique. Chez l’adulte, le tibia métathoracique mesure environ 
1 000 microns et le tibia mésothoracique 750 microns. Le dénombrement 
des organes sensoriels sur les deux tibias met en évidence une différence 
de 20 % en faveur du tibia métathoracique. 


4 


Comparaison de la patte prothoracique et de la patte mésothoracique. 
La patte prothoracique présente plusieurs particularités. 


Coxa. — La dépression dorsale signalée sur la face antérieure du coxa 
mésothoracique n’existe pas sur cette face, mais se-retrouve sur la face 
postérieure. La partie dorsale est d’ailleurs moins volumineuse par rap- 
port a l’ensemble du coxa. On trouve 75 a 80 sensilles sur la face antérieure 
et 65 a 70 sur la face postérieure, chez l’imago. 


TROCHANTER. — La courbure de ce segment est moins accentuée que 
dans la patte mésothoracique, mais le nombre et la topographie des 
organes sensoriels ne changent pas. 


Femur. — Le nombre et la taille des organes sensoriels sont plus grands 
sur la face postérieure de cet article que sur l'autre face. On peut mettre 
en évidence une inversion antéro-postérieure de Vanatomie sensorielle 
de ce segment si on la compare aux fémurs méso- et métathoraciques. - 


Trsia. — Le tibia prothoracique est toujours moins long que le tibia 
mésothoracique. La différence de longueur, peu accentuée chez les larves 
des premiers stades, devient importante chez les larves du cinquiéme stade, 
et le tibia prothoracique de l’imago mesure environ 630 microns. Le nombre 
des organes sensoriels est alors inférieur de 10 % a ce qu’il est sur le tibia 
mésothoracique mesurant 750 microns. 

Distalement, sur Ja face antérieure du tibia prothoracique, on ne voit 
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quwune épine ventrale. Les deux autres épines sont situées sur la face 
postérieure ; l’une est ventrale, autre est dorsale. 


Tarse. — Seul, le premier article du tarse est moins long que Varticle 
- correspondant des tarses des deux autres pattes. Il porte alors deux fois 
moins de sensilles que ses homologues. 


REMARQUE. — Les régressions déja signalées sur la face postérieure 
des pattes mésothoraciques des pseudergates se retrouvent sur la méme 
face de leurs pattes métathoraciques et sur la face antérieure de leurs 
pattes prothoraciques. 


5. — Ontogenése nerveuse. — Dans la patte de la larve néonate, les nerfs 
principaux, en position centrale, fournissent des terminaisons senso- 
rielles isolées ou groupées par deux ou par trois. Au cours des premiéres 
mues larvaires, quelques cellules sensorielles apparaissent et il se forme 
des rameaux nerveux secondaires sur les nerfs principaux. Chez les larves 
du cinquiéme stade de développement, les nerfs principaux sont trés gros 
et les rameaux secondaires forment de nombreuses arborisations. La bifur- 
cation du nerf 1 a donné deux rameaux sensoriels, dont un s’épanouit 
médialement et l’autre dorsalement vers la face antérieure du coxa. Des 
branches sensorielles s’individualisent latéralement A partir du nerf (3 a) ; 
deux ou trois de ces branches se dirigent dorsalement et deux ventrale- 
ment vers la face antérieure du fémur. Des branches nerveuses analogues 
se sont formées latéralement a partir du nerf (2 d) ; celles-ci sont moins 
ramifiées. Deux grands nerfs sensoriels antérieurs se sont individualisés a 
partir du nerf 3; un s’étend dans la région dorsale, l'autre dans la 
région ventrale du tibia. Des nerfs 2 ou 4 se détachent deux branches 
sensorielles postérieures qui se dirigent vers la partie dorsale du tibia. 
Distalement, les nerfs 2 et 4 se bifurquent dans le prétarse et fournissent 
de nombreuses arborisations. 

Chez les larves des sixiéme et septiéme stades du développement, 
chez Pimago et chez les autres individus du huitiéme stade, Panatomie 
nerveuse de la patte ne se modifie pas. Seules, les arborisations périphé- 
riques évoluent en rapport avec la multiplication déja décrite des organes 
sensoriels. 


Variations individuelles du plan général d’innervation. 


Dans certains cas, la région ventrale du coxa est innervée par des 
arborisations sensorielles fournies par une branche nerveuse issue du 
nerf moteur qui innerve les muscles rotateurs postérieurs du coxa. Cor- 
rélativement au développement de ce nerf, les branches (1 ¢) et (2 a) 
sont plus courtes et se terminent dans la région médiane du coxa. . 

Dans le fémur, chacun des nerfs fémoraux antérieur et postérieur ne 
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donne, parfois, qu’un rameau dorsal et un rameau ventral innervant alors 
les parties proximale et médiane du fémur. 

Dans le tibia, les rameaux sensoriels dorsaux différent en nombre 
et en position. Ils sont issus du nerf 2 ou du nerf 4 et a des niveaux 
variables selon les individus. 

Les prolongements sensoriels qui innervent les pores dorsaux des 
trois articles du tarse sont issus soit du nerf 2, soit du nerf 4. 


Comparaison de la patie prothoracique et de la patte mésothoracique. 


La seule variation importante du plan d’innervation de la patte pro- 
thoracique par rapport a la patte métathoracique se remarque dans le 
coxa, ou le nerf 1 ne fournit qu’un rameau sensoriel (1 a). C’est ce rameau 
qui innerve lensemble de la face antérieure et le nerf 1 c n’existe pas. 
La région distale de la face antérieure du tibia est en général innervée 
par un rameau issu du nerf 4 et non par le nerf 3, comme dans les tibias 
méso- et métathoracique. 

Les variations individuelles du plan général d’innervation signalées 
dans la patte mésothoracique. se retrouvent dans la patte prothoracique. 


CONCLUSION 


L’organogeneése sensori-nerveuse se fait progressivement au cours de 
la vie larvaire ; elle est caractérisée par une augmentation du nombre 
des récepteurs sensoriels plutdt que par une modification du plan d’en- 
semble. Chez la larve néonate, on peut déja mettre en évidence un plan 
général des grands troncs nerveux qui sera celui de l’adulte. Les sensilles 
sont alors assez peu nombreuses, mais elles se reforment 4 chaque mue 
et gardent leur position relative au cours du développement  post- 
embryonnaire. Les sensilles formées chez les larves des premiers stades 
du développement acquiérent une grande taille chez les nymphes, ce qui 
permet de les reconnaitre aisément. On les retrouve également chez 
Pimago et ce sont les sensilles qui atteignent les plus grandes dimen- 
sions. Ceci a été confirmé par l’observation d’individus colorés peu avant 
la mue et montrant l’ancienne cuticule avec les anciennes sensilles entou- 
rant la nouvelle cuticule et les nouvelles sensilles. Lorsque le prolongement 
nerveux distal d’une ancienne sensille n’est pas encore sectionné, il passe 
a Vintérieur de l’orbite basale de la sensille de remplacement. Ainsi, on a 
pu suivre la destinée des organes sensoriels. 

Toutefois, il faut remarquer que la différenciation de nouvelles sen- 
silles au cours du développement délimite des territoires bien définis. 
Certains de ces territoires sont particuliérement riches en sensilles diverses 
(trochanter, région proximale du tibia et tarse). Corrélativement A la 
multiplication intense des sensilles, il se forme de nombreuses arborisa- 
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_ tions sensorielles. Les nerfs principaux deviennent trés gros et il apparait 
des rameaux nerveux secondaires importants dans ces régions. 

I] faut aussi remarquer que l’accroissement du nombre des organes 
sensoriels ne se fait pas toujours au méme rythme. C’est ainsi que, chez 
les larves des quatre premiers stades du développement, ce rythme est 
assez lent ; les organes sensoriels sont alors peu nombreux et peu diffé- 
renciés ; les larves ressemblent a la larve néonate, mais les grandes lignes 
du plan d’organisation sensori-nerveuse se précisent. A partir du cinquiéme 
stade de développement, le rythme de multiplication des organes sensoriels 
croit rapidement, ces organes se différencient en méme temps que se déli- 
mitent les territoires ; le plan d’organisation nerveuse atteint son maxi- 
mum de précision. L’imago ressemble d’assez prés aux nymphes. 

J’ai observé des phénoménes de régression des organes sensoriels sur 
les pattes des pseudergates, cette régression s’observant aussi pour les 
ébauches oculaires et les ébauches alaires. 


Zusammentassung. 


Die Studie behandelt die Innervation der Beine von Calotermes flavicollis 
Fab. Es wurde festgestellt, dass die gesamte sensoriel-nervise Anlage 
schon bei den Larven des ersten Entwicklungsstadiums vorhanden ist 
und sich nicht mehr verandert, und dass nur mit jeder stattfindenden 
Hautung die Anzahl der sensoriellen Organe zunimmt und begleitet ist 
von einer reicher werdenden Verzweigung der Sinnesnerven. Gleichzeitig 
entstehen sekundire Abzweigungen der Sinnesnerven, welche von den 
Hauptnerven ausgehen. Die Extremitaten der Larven des vierten und 
hauptsachlich des fiinften Stadiums weisen eine sehr starke Zunahme der 
Sinnesorgane auf. Diese letzteren haben dann verschiedene Grisse und 
stehen je nach Region des Beines mehr oder weniger dicht beisammen. 
Dieselben Verhaltnisse finden sich auch bei den Nymphen und Imagines. 

Eine zahlen- und gréssenmissige Regression der Sinnesorgane wurde 
bei der Entstehung der Pseudergaten festgestellt. Die Anatomie der 
Sinnesorgane des dritten Beinpaares ist derjenigen des mittleren Beinpaares 
ahnlich. Die vordere Flache des vordersten Beinpaares ist der hinteren 
Flache des mittleren Paares ahnlich und die hintere Flache derjenigen der 
Vorderfliche des mittleren Beinpaares. 


Summary. 


The author studies the developpement of the neuro-sensorial organs on 
the legs of Calotermes flavicollis Fab. He has found that the outline of 
the neuro-sensorial organs developing in the larvae of the first instar do 
not change their structure. After each molt the number of sensorial 
organs increases and in correlation with this the small sensorial nerves 
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ramify and secondary nerfs branch off the primary nerfs. On the legs of 
the larvae of the forth and mainly on those of the fifth instar the number 
of sensorial organs increases considerably. These latter are of different 
size and sit according to the region of the leg more or less densely together. 
The same is observed on the nymphs and imagines. 

A regression of the number and size of the sensorial organs accompanies 
the development of the pseudergates. 

The anatomy of the neurosensorial system of the third pair of legs is 
alike that of the second pair. The first pair of legs shows on the front 
surface the anatomy found inthe hind surface of the second pair of legs 
and the hind surface of the first pair the one of the front surface of the 
second pair. 
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SUR LE NID ET LA BIOLOGIE DE CORNITERMES 
CUMULANS (KOLLAR), TERMITES BRESILIEN 


Par Pierre-P. GRASSE (1) 


Dansl’Etat de Sado Paulo, Cornitermes cumulans (Kollar) (2) est un Termite 
fort commun, dont les nids abondent dans les lieux herbeux et sur les 
emplacements d’anciennes 
plantations. J’ai eu l’occa- 
sion d’étudier la structure 
de ses édifices et de faire 
quelques observations sur 
son comportement. 

Le nid de Cornitermes cu- 
mulans se trouve toujours 
dans des terres contenant 
une forte proportion d’ar- 
gile. Il parcourt un cycle de 
développement qui le fait 
passer d’une situation en- 
tiérement hypogée a un état 
en grande partie épigé, tan- 
dis que sa structure subit 
des remaniements d’une cer- 
taine importance. 


Ie? STADE. 
Nid entiérement hypogé. 


Rien extérieurement ne 
trahit sa présence; seule la Sm si Sh ag 
fouille heureuse d’un terrain ps it ‘nn —_— 
ou les nids épigés abondent . 7 
Boones de le découvrir. Les Fig. 1. — Cornitermes cumulans. Nid hypogé vu en place 
nids de ce type, que nous et non ouvert. 
avons eu la bonne fortune Pa, paraécie ; Pe, galeries de la périécie. 


(1) Ce travail a été réalisé grace a Vaide matérielle qu’a bien voulu m’accorder le Conseil de la 
Recherche scientifique du Brésil, A qui j’exprime mes vifs remerciements. 

(2) Comme Va montré Emerson (1949 et 1952), le Termite que Sirvesrrt (1903) a étudié sous le 
nom de Cornitermes cumulans ne correspond pas a l’espece de Kollar. Notre Collégue américain en 
a fait une espéce particuliére Cornitermes silvestrii. Ajoutons que le nid de C. silvestrii différe 
beaucoup de celui de C. cumulans. 
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d’observer, étaient déja de grande taille et préts a saillir a l’extérieur. (fig. 1) 
Les tout premiers stades 
nous manquent. 

Ils affectaient une forme 
grossiérement ovoide (gros 
bout tourné vers le haut) 
et mesuraient 30 cm de plus 
grand diamétre et 35 cm de 
grand axe. Leur surface était 
irréguliérement mamelon- 
née. Entre eux et la terre 
environnantes’intercalait un 
espace vide qui correspond 
ala paraécie que GRASSE et 
Norrot (1948) ont décrite 
autour de divers nids souter- 
rains de Termites africains 
(Macrotermes, Acantho- 
termes, Sphxrotermes, A pico- 
termes). L’espace était étroit 
et ne dépassait guére 1 a2cm 
d’épaisseur. Le nid reposait 
par son pole inférieur (géné- 


Fic. 2. — Cornitermes cumulans, nid hypogé ouvert pour palement le moins obtus) sur 
montrer la structure interne. Remarquer les racines qui 


se développent dans la région alvéolaire du nid. le sol ; ; par son pole supe- 
rieur, il était en contact avec 


la terre sus-jacente. Ce rapport d’intimité n’existe probablement pas dans 
le cas de nids plus jeunes. 

La paroi de Védifice, telle que nous l’avons 
observée, était continue et les galeries de la 
périécie partaient surtout du pdle inférieur en 
contact avec la terre ; aucune communication 
n’existait sur les cotés de la muraille, alors qu’au 
stade suivant on en comptera plusieurs. 

Ouvert, le nid montrait une structure hété- 
rogene (fig. 2) dans laquelle on reconnaissait : 


1. Une zone externe ou muraille, épaisse de “iy , Yj 

ar 9 apie de galeries et de chambres “UTD. tha 
rossiéres disposées san : ri] i 

8 iY ans ordre Le materiau qul Fic. 3. — Cornitermes cumulans, 
la compose est surtout de l’argile;maislasurface masse noiratre faite en grande 
extérieure du nid, comme les parois des chambres, ee materiaux stercoraux 

: é : et adhérant 2 i 

sont recouvertes d’un enduit noir, fait proba- sadicates . - ie ar alia 

blement d’excréments, déposés liquides puis 

durcis en desséchant. Cet enduit, examiné a la loupe binoculaire, a un 
aspect luisant, vernissé ; il est continu. Son épaisseur est de l’ordre de 
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0,3 mm a 0,5 mm. La matiére terreuse des parois (argile rougedatre) 
contient des trainées, des plaques de matiére noire, identique au revé- 
tement superficiel ; ce qui indique que I’Insecte, en construisant, peut 
mélanger aux excrements les matériaux terreux prélevés a l’exté- 
rieur. 

Certaines chambres de la zone externe contiennent des masses noiratres 
qui, pour la plupart, adhérent aux parois (fig. 3). Vues ala loupe binocu- 
laire, ces corps apparaissent comme étant faits d’une pate noiratre, ster- 
corale, dans laquelle sont pris les débris végétaux, abondants au point de 
se toucher. 


2. Une zone centrale ou noyau. — Elle est presque sphérique (16 cm 
sur 17 4 18 cm) et faite de cloisons superposées, a orientation assez 
désordonnée, et a peu prés horizontales dans la région inférieure. Souvent 
irréguliére, leur épaisseur varie de 0,3 mm 41mm; 
elles présentent ¢a et 1a des renforcements épais de 
344mm. 

La matiére qui.constitue les cloisons du noyau est 
d’un aspect bitumeux, noir mat ; vue alaloupe, elle 
rappelle celle de l’enduit superficiel et parait faite 
de la superposition de couches liquides, trés vrai- 
semblablement stercorales, desséchées. 

Les racines des fortes Graminées qui poussent 
au-dessus du nid traversent celle-ci de part en part. 
Dans la zone centrale, elles se ramifient en un che- 
velu si dru qu’on peut se demander si les Termites 
(ou les conditions qui regnent dans la termitiére) ne 
stimulent pas leur poussée et leur ramification. Ici 
comme jel’ai observé, tres souvent, dans maintes ter- 
mitiéres africaines, les ouvriers respectent les racines 
vivantes qui pénetrent dans leur nid et, a leur sor- 
tie de celui-ci, ils les entourent d’un épais manchon 45,. 4, — Racine de Gra- 
noir, fait du méme matériau que la muraille (fig. 4). minée sortant du nid et 

La paraécie n’est pas un lieu d’habitation ;elleest — erouven’’, eS 
pratiquement séparée du nid et, d’ordinaire, ne ERO donators 
contient pas d’ouvriers. Elle a le méme caractére _noirdtres, vraisemblable- 
dans les nids de Macrotermitine et d’Apicotermi- ent denaturestercorale. 
line. Me 

La paraécie dans les nids des Macrotermitine, des Apicotermitine 
et des Nasutitermitine (Cornitermes) n’a probablement pas la méme va- 
leur chez tous. Nous ne connaissons son origine que chez certains 
Macrotermitine, ou elle représente espace qui sépare la cellule royale 
primitive de la terre qui l’entoure. Dans le cas de nids polycaliques : 
Acanthotermes, Synacanthotermes, Apicotermes, elle est construite d’emblée, 
que la calie contienne ou non une cellule royale. Sur lorigine de la 
paraécie des Cornitermes, nous ne savons rien. 
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2e STADE. Nid partiellement épigé, recouvert d’un déme de terre. 


Le nid souterrain s’accroit surtout par sa partie supérieure et semble 
refouler vers le haut la terre qui le surmonte. Dans la réalité, le processus 
n’a pas cette simplicité. En effet, ’accroissement en hauteur du nid 
s’accompagne du remaniement de la terre située au-dessus de I’habitation 
et d’un apport important de matériaux dans cette zone. 

Examinons un nid particulier. 

De lextérieur, il apparait comme une masse de terre rouge formant 
deux domes inégaux et largement fusionnés a leurs bases, masse de contour 
oblong, mesurant 50 cm de grand axe, 40 cm de petit axe et 16 cm de haut. 

La veille de ouverture de ce nid (25 avril), il avait légerement plu et, 
au moment de la fouille, la terre conservait une certaine humidité ; pendant 


Fic. 5. — Cornitermes cumulans, nid deyenant partiellement épige. 


Pa, paraécie ; Pe, périécie ; Tb, tube traversant la paraécie et conduisant dans les galeries de 
la périécie. 


la nuit, des ouvriers avaient construit une forte bosse flanquant le plus 
A : ae 
petit des deux démes. Au moment de l’ouverture, les ouvriers procédaient 


au renforcement de l’ébauche alvéolaire de cette bosse, par des apports 
de terre argileuse. 
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La termitiére se compose de deux parties distinctes bien que continues : 
le nid proprement dit, que délimite la paraécie, et le déme terreux, qui le 
surmonte. 

Le nid proprement dit,-& peu prés sphérique, mais a pdle supérieur tron- 
qué, est limité par une paroi noirdtre et mamelonnée (fig. 5) ; sa hauteur 
est de 30 cm. Comme au stade précédent, de nombreuses racines de Gra- 
minées le traversent de part en part, et, A leur sortie, sont entourées épais 
manchon noiratre déja signalé. 

La paraécie est d’une grande netteté ; son épaisseur, selon les endroits, 
varie de 1 4 5 cm. Elle n’est pas maconnée; les Cornitermes se contentent, 
pour la faire, d’enlever la terre qui se trouve au contact du nid. 

Les communications latérales du nid proprement dit avec la périécie 
ne sont pas nombreuses. La paroi du nid envoie vers l’extérieur des saillies 
creuses qui traversent la paraécie et aboutissent en plein dans la terre 
environnante Ce sont des tubes creux (fig. 5, 7b) de forme grossiérement 
cylindrique ; nous en avons compté jusqu’a une douzaine (dans d’autres 
nids, il y en avait moins, dans d’autres plus). 

Le nid, a peu pres exactement a son pole inférieur, se continue vers le bas 
par un tube construit comme les tubes latéraux et qui pénétre dans la terre 
sous-jacente, un peu obliquement. La lumiére du tube a pu étre sondée sur 
une profondeur de 15 cm et va certainement beaucoup plus bas. Le 
tube sur tout ce trajet est délimité par une paroi maconnée, et n’est 
pas qu'une galerie creusée a méme le sol. Ce tube « polaire » donne l’im- 
pression d’étre la principale voie de communication du nid avec la périécie. 

Le pole supérieur du nid proprement dit, fortement tronqué, se continue 
insensiblement avec le déme épigé qui le surmonte. I] existe en effet une 
zone de transition entre les deux, zone ou le Cornitermes a effectué une 
construction d’une nature particuliére. 

Cette zone se compose d’alvéoles irréguliers maconnés directement sur 
la muraille, noire et compacte, au pole tronqué du nid. Leurs parois, plus 
minces que celles des cellules du nid, sont faites de terre argileuse, en 
boulettes de taille inégale et de forme variée. 

Les alvéoles communiquent avec le nid par des ouvertures percées dans 
la muraille, circulaires, et mesurant de 2 4 3 mm de diametre. Alors que 
la muraille se compose de matériaux compacts et résistants, la zone 
alvéolaire de transition est faite de matériaux terreux, faiblement agglo- 
mérés, qui perdent leur cohésion en séchant et deviennent friables. 

La zone de transition fait passer insensiblement du nid au déme épigé 
ou la terre est trés grossierement maconnée. 


3° STADE. Nid en grande partie épigé et sans déme de terre Ie recou= 
vrant. 


On peut considérer ce stade comme correspondant a l'état terminal 
du nid qui, bien que sous cette forme, continue a s’accroitre. L’étude 
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comparative de divers nids nous a appris que le passage du deuxiéme 
au troisieme stade se fait progressivement, le déme alvéolaire étant 
« absorbé » par la paroi supérieure du nid proprement dit. A la terre 
argileuse peu cohérente se substitue un matériau plus consistant ; le 
remaniement de la termitiére parait étre trés important chez Cornitermes 
cumulans. 

Prenons a titre d’exemple un nid haut de 1,60 m et de 0,95 m de dia- 
métre a sa base ; ce nid se trouve en partie accolé a un talus. 

Il est entouré d’une muraille épaisse de 9 a 12cm, faite de maté- 
riaux compacts et résistants; elle est parcourue par un réseau com- 


3 
Mf 
i 
Nf 
i 


i 


NI 
() 


ay 
i 
q 
{ 


, 
H) 
y 
' N 
i 
W 
{ 


H 
( 


: 
{ 
\ 
| 


f 
l 
, 
y\ 
) 
q 
Ml) 


Fic. 6. — Cornitermes cumulans. Grand nid épigé, vu en coupe longitudinale. 


Pa, paraécie; Zf, zone feuilletée ; hauteur du nid 1,60 m. 


pliqué de galeries sinueuses et larges, qui toutes sont tapissées d’un 
enduit noiratre. La continuité, entre les parties épigée et hypogée, est 
parfaite (fig. 6). 

Dans la partie supérieure du nid (a peu preés le tiers de la hauteur totale), 
la muraille se continue insensiblement avec les parties profondes, mais 
plus on s’approche de la région axiale, plus les parois des galeries perdent 
de leur épaisseur, et les alvéoles sont remplacés par des chambres trés 
plates, irréguliéres, 4 peu prés horizontales. L’aspect global de cette région 
est feuilleté. 
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La paraécie subsiste trés nette dans la partie hypogée du nid et monte 
_ bien au-dessus de la surface du sol (1). Elle fait penser a celle qui s’observe 
dans les calies des Acanthotermes africains. 

La partie centrale du nid, isolée de la muraille par la paraécie, a une 
structure feuilletée trés caractéristique (fig. 6, zf). Les matériaux en sont 
plus fins que ceux de la muraille. 

Les communications du nid avec la périécie se font directement par des 
galeries qui serpentent dans la base de la muraille. Les ouvriers ont la 
possibilité de passer de l’endoécie dans la périécie sans avoir a traverser la 
paraécie. 

Les matériaux que Cornitermes cumulans utilise pour construire sont 
la terre argileuse et les excréments. Les murailles sont composées surtout 
de terre, alors que les parties les plus profondes s’enrichissent en matiéres 
excrémentielles ; en outre, les excréments servent A confectionner les 
enduits dont nous avons parlé a plusieurs reprises. 

Quel que soit le stade auquel appartienne la termitiére, la population, 
y compris le couvain et le couple royal, habite le noyau, la région centrale 
du nid. Le couple royal, méme dans les plus grandes termitiéres ouvertes 
par nous, ne dispose pas d’une cellule particuliére. La reine, malgré sa 
physogastrie, se meut avec passablement d’aisance et conserve la faculté 
de passer d’une chambre dans une autre. 

La population des grands nids, pendant la fouille, abandonne la région 
centrale du nid et s’entasse dans la muraille. 

En avril-mai, aux environs de Sao Paulo et de Campinas, les nids de 
Cornitermes cumulans contenaient de nombreuses nymphes (aux deux 
deniers stades), 4 abdomen énorme, gonflé par un tissu adipeux surabon- 
dant, tandis que les ovaires demeuraient petits et contenaient seulement 
de minuscules ovocytes. A cette époque de l’année, la reine ne pond, nous 
a-t-il semblé, que fort peu. Les ceufs en effet dans les termitiéres explorées 
par nous étaient plutét rares. 


Summary. 


Cornitermes cumulans, found in the state of Séo Paulo, first builds a 
subterranean nest. Accompanied by important structural changes the 
Termites transform it later on into a mound nest above ground. Nest 

building shows the following phases: 


“ 


(1) Da Costa Lima (1939) représente (page 308, fig. 150) un grand nid de Cornitermes sp. qui 
pourrait bien appartenir 4 ’espéce cumulans (Kouuar.). Une paraécie, trés nette, y sépare la 
muraille massive et traversée de galeries de la zone centrale alvéolaire et feuilletée. Le caractére le 
plus intéressant de ce nid, en grande partie épigé, est la continuité de la muraille avec le sommet 
de la zone alvéolo-feuilletée ; continuité qui place le nid A un stade intermédiaire entre nos stades 
2 et 3. La paraécie semble se prolonger dans un épais cylindre maconné qui s’appuie contre une 
grosse branche ou |’entoure. 
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First phase 


The subterranean nest. The very first part of this phase could not be 
observed. The nests found and studied by the author are egg shaped and 
have already a diameter of about 30 cm. The surface is warty. Between 
the nest and the surrounding soil there is a cavity about 2 cm. thick. The 
nest stands with its smaller pole on the soil. The galeries leaving the nest 
are all at the basis where the nest lies in contact with the soil. The nest 
itself consists of two parts. 

1. Nestwall: it is 5-9 cm. thick and contains irregular galeries 
and chambers. The building material consists mainly of clay. But 
galeries and chambers as well as the outer surface of the nest are covered 
with a 0,5 mm thick layer of a black varnish-like mass. Even some of the 
outer chambers are filled with this material which under the microscope 
reveals to be a mixture of stercoral excrement-mass and remains of plant 
material. 

2. Nest center: The inside of the nest has an almost spherical form and 
consists of a great number of irregular cells, the walls of wich are about 0,5 
to 1 mm thick. In the lower part of the nest these cells are generally 
horizontal. The wall material seems to be of the same matter as the wall 
cover of the outer part. The cavity that surrounds the nest is notinhabited 
by the Termites and has the same caracter as that found in the nests of 
Macro and Apicotermes. 


Second phase 


Nest only partly subterranean with an earth covered mound above. The 
subterranean nest grows at its upper pole and shows two different zones. 
The subterranean nest of the described form has at this phase also lateral 
tube shaped exits which pierce the cavity surrounding the nest and open 
into the soil. The big tubes however at the lower pole continue to form 
the main exits of the nest. The upper pole of the nest is partly cut off 
and flattens out gradually over the cupole of earth above the nest. The 
transitional zone between nest and earth-mound contains a lot of alveoli of 
irregular form, the thin walls of which are made of clay. This zone lies 
directly on the upper part of the nestwall of the first phase. Small holes 
in the compact nestwall lead into the alveolar zone. 


Third phase 


Superterrestrial nest, not covered by earth. Now the ever growing nest 
has its final aspect. The alveolar zone above the subterranean nest has 
slowly been included into the nest. The solid nestwall has been pushed up 
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q above ground and the wall of the alveoli replaced by a more solid type of 
material. The entire upper structure of the nest, which can be 1,60 m 
high with a basic diameter of 0,95 m, is now surrounded by a strong wall, 
becoming thicker towards the top of the termite hill, in which we find 
regular galeries and chambers with their caracteristic tapestry. The 
subterranean part and the hill form one solid nest. In the uppermost part 
where the wall gradually thickens to form the top, the inside of the nest is 
made of irregular flat cells with foliated walls. The cavity between the 
subterranean part of the nest and the soil still exists. The central part 

_ of the nest has the caracteristic flat foliated cells. The building-material 
consists mainly of excrements. 

The royal couple has no specific cell. In spite of her physogastric body 
the queen can move about and wander from one chamber to the other. In 
April and May the nests around Sao Paulo contain a lot of nymphs of the 
fore-last and last instars. During this season the queen seems to lay few 
or no eggs at all, as few eggs are found in the nest during this period. 


Zusammenfassung. 


Cornitermes cumulans findet sich im Staate Séo Paulo sehr zahlreich. 
Das Nest entwickelt sich aus einem unterirdischen Anfangsstadium zu 
einem grésstenteils iiberirdischen Bau und bedingt bedeutende Struktur- 
Veranderungen. 


1. Stadium 


Unterirdisches Nest. Die ersten Anfangsstadien der Nester konnten nicht 
beobachtet werden. Die vom Autor studierten und zufallig gefundenen 
sind schon recht gross und haben Eiform. Ihr grésster Durchmesser betragt 
etwa 30 cm. Die Oberfliiche ist unregelmassig warzig. Zwischen Nest und 
Erde befindet sich ein Hohlraum, welcher bis zu 2 cm Dicke hat. Das Nest 
ruht mit seinem spitzeren Pol auf der Erde. Die aus dem Nest fiihrenden 
Galerien befinden sich an der Nestbasis. Das gedffnete Nest zeigt eine 
heterogene Struktur, namlich : 

1. Die Nestwand ist 5-9 cm dick und von Giingen und Kammern, die 
unregelmassig angelegt sind, durchzogen. Das Baumaterial besteht zur 
Hauptsache aus Lehm. Die Ginge und Kammern wie auch die dussere 

Oberflaiche des Nestes sind mit einer lackihnlichen glinzenden Masse von 

-etwa 0,5 mm Dicke vollstindig iiberzogen. Einige Kammern der Mauerzone 
sind mit ahnlichem Material gefiillt, das sich unter der Lupe betrachtet 
als ein Gemisch von sterkoraler Exkrementmasse und vegetabilen Pro- 
dukten erweist. 

2. Der beinahe sphdrische Nestkern besteht aus einer grossen Zahl von 
unregelmissigen Zellen, deren Zwischenwinde etwa 0,5 bis 1 mm Dicke 
haben. Sie liegen im unteren Teil meist horizontal. Das Material der 
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Zwischenwinde scheint desselben Ursprungs zu sein wie der Wandiiberzug 
der ausseren Gange. 

Der das Nest umgebende Luftraum ist von den Termiten nicht bewohnt 
und hat denselben Charakter wie bei den Macro- und Apico-Termiten. 


2. Stadium 


Teilweise iiberirdisches Nest, von Erdkuppel bedeckt. Das unterirdische 
Nest wichst am oberen Pol und weist zwei gut unterscheidbare Teile auf. 
Das eigentliche unterirdische Nest von der beschriebenen Form hat im 
jetzigen Stadium auch laterale Ausginge, welche als Rohren den das Nest 
umgebenden Hohlraum durchstossen und in die Erde miinden. Die 
Hauptausginge befinden sich jedoch an der Basis, wo eine Rohre in die 
Tiefe stésst. Der obere Pol des Nestes ist abgeschnitten und geht langsam 
in die Erdkuppel iiber, welche iiber dem Nest errichtet wird. Die 
Ubergangszone zwischen Nest und Erdkuppel enthalt zahlreiche Alveolen 
unregelmissiger Form, deren diinne Wande aus Lehm errichtet sind. 
Diese Zone liegt direkt auf dem obersten Teil der Wand des eigentlichen 
Nestes. Kleine Offnungen fiihren aus der kompakten Nestwand zu den 
Alveolen in der Erdkuppel. 


3. Stadium 


Uberirdisches Nest, nicht von Erdhiigel bedeckt. In diesem Stadium hat 
das immer noch wachsende Nest seinen definitiven Aspekt erreicht. Die 
alveolire Zone des Erdhiigels ttber dem urspriinglichen Nest wurde 
allmahlich ins Nest einbezogen, die solide Nestwand nach oben gefiihrt 
und die Wande der Alveolen durch solideres Material ersetzt. Der ganze 
Oberbau eines Nestes von etwa 1,60 m Hohe und 0,95 m Basisdurchmesser 
ist jetzt von einer soliden Mauer umgeben, die von schwarz austapezierten 
Gangen durchzogen ist. Ober- und unterirdischer Bau gehen kontinuier- 
lich ineinander tiber. Im obersten Teil des Nestes (ca. 1/3 der Gesamthihe) 
wird die Mauer dicker und geht nur ganz allmahlich in den Innenteil tiber, 
der hier platte, unregelmassige Zellen besitzt mit Wanden wie Blatterteig. 
Der Hohlraum zwischen Erde und unterirdischem Teil besteht immer noch 
und reicht jetzt sogar tiber das Bodenniveau hinaus. Der Zentralteil des 
Nestes hat eine charakteristische blatterige Struktur. Das Baumaterial 
besteht hier zur Hauptsache aus Exkrementen. 

Das Konigspaar hat keine spezielle Zelle. Trots ihrer Physogastrie kann 
sich die Kénigin bewegen und von einem Raum in den anderen gelangen. 
Im April und Mai enthalten die Nester von Séo Paulo zahlreiche Nymphen 
der zwei letzten Stadien. In dieser Jahreszeit scheint die Kénigin nicht oder 
kaum Eier zu legen, denn die Eier in den untersuchten Nestern waren 
selten. 


— ae 
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EXPLICATIONS DES PLANCHES 
CORNITERMES CUMULANS 


PiancHe I. 
Nid partiellement épigé, montrant nettement la zone alvéolaire de transition entre le nid propre- 


ment dit et le déme de terre. Sur la gauche, un canal latéral de communication traversant la 
paraécie. Ca et 1a, quelques orifices s’observent a la surface du nid. 


PiancHE II. 


Coupe verticale du méme nid extrait du sol, montrant la zone périphérique, ou muraille alvéo- 
laire, et la zone centrale plus ou moins feuilletée. 


PLancHE III. 


Le déme et la zone de transition vus au-dessus du nid retiré du sol. 


PLANcHE IV. 


1, 2, 3 et 4, étapes de la fouille d’un nid partiellement épigé. En clair une partie, fraichement 
construite. La paraécie, aprés la fouille, apparait comme une grande poche subsphérique ; — 
5, grand nid schématisé dans la figure 6 de ce texte; la paraécie se voit nettement A droite 
et en bas. 


INSECTES SOCIAUX Vole \VeRiat 


Phot. Inst. Biol. Sao Paulo Phototypie Duval. 


Cornitermes cumularis 
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Phot. Inst. Biol. Sao Paulo Phototypie Duval. 


Cornitermes cumularis 
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Photo Inst. Biol. Sao Paulo Phototypie Duval 


Cornitermes cumulans 
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Cornitermes cumulans 


REPRODUCTION, NEST ORIENTATION AND POPULATION 
STRUCTURE OF AN AGGREGATION OF MOUND NESTS 
OF FORMICA ULKEI EMERY (« FORMICIDAE ») 


by 
Gerald SCHERBA 
(Chico State College, Chico, California). 


Introduction. 


The conspicuous ant mounds characteristic of a number of species of Formica and 
other genera are an arresting sight, and in this paper some of the features of the nest 
structure and life history of one mound builder will be described. These observations 
were made in the course of field studies between 1950 and 1955 at an aggregation 
of mound nests of Formica ulkei Emery near Lemont, Illinois, in Cook County, about 
30 miles southwest of Chicago. 

The nests are located in a mixed oak-hickory forest dissected by sloping meadows 
on an upland portion of the Valparaiso moraine. The soil is glacial clay covered by 
a humus layer of varying thickness. 

Formica ulkei is one of three mound-building members constituting the exsecta 
group of the subgenus Formica along with F. exsectoides Forel and F. opaciventris 
Emery. According to CrE1GHTON (1950) opaciventris and exsectoides are more closely 
related to each other than to ulkei. Greece (1952) suggests that opaciventris may 
in fact be a Western subspecies of exsectoides as WHEELER (1913) originally proposed. 
Within the group the habits of exsectoides are best known, due principally to a series 
of detailed observations by AnpREws (1925, 1926, 1927, 1932). With an increasing 
knowledge of uwlkei and opaciventris the exsecta group would appear to be ideal subjects 
for the comparative study of behavior. 

The geographical distribution of ulket is to the north and west of easectoides and to 
the east of opaciventris. F. ulket ranges east to Nova Scotia, Ontario, west to Mani- 
toba, and North Dakota and south to Ohio, northern Indiana and Iowa. In the 
Chicago area, the ranges of exsectoides and ulkei overlap, but there is no indication 
of hybridization. The story of the initial discovery of wlkei in the type locality, 
Hill City, 8.D., by Titus Unxe in 1890 is an interesting one, and has recently been 
recounted by Smiru (1952). 

Within the Chicago area, Grece (1944) reports ulker from six widely scattered 
localities; Palos Park, Ill., Palatine, IIl., Waukegan, Ill., Volo, Ill., Dune Acres, Ind., 
- Smith, Ind., and Lakeside, Mich. However it is only in the first two localities that 
ulkei occurs in groups of nests, and at the Palos Park locality there are over 250 nests 
within a 50 acre area of forest and meadow. Despite this sizeable number of nests, 
ulkei has not been found in the adjacent similar forests which extend for miles to the 
east, west and north constituting the Cook County Forest Preserves. This distribution 
is certainly anomalous. 

The particular aggregation of mound nests upon which the observations reported 
here are based has been subjected to ‘a surprising amount of inspection by various 
investigators over the past 30 years. Hotmguist’s (1926, 1928, 1928 a) interest in 
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arthropod hibernation led him to investigate the winter conditions in Formica ulkei 
mounds and then to describe the life history along with some of the myrmecophiles 
found within these mounds. Later T. Park (1929) and O. Park (1929, 1935) added 
to the list of myrmecophiles and described the nature of the relationships between 
some of these insects and ulkei. The population size of this aggregation of mound 
nests and the ecological distribution with respect to forest, margin and clearings 
was determined by Dreyer and T. Park (1932) who found strong coincidence between 
the forest margin and clearings and the location of ulket mounds. In 1941 Dreyer 
returned to recensus this same population and record the changes ‘that had occurred 
in this interval (DREYER, 1942). Scuersa (in press) compared the temperature and 
moisture content of a series of mound nests with that of the adjacent soil and inter- 
preted these differences as indicating the operation of social homeostatic mechanisms. 

Certain physiological studies have also been conducted. Houmauist (1928 a) 
measured the Respiratory Quotient and water content of both hibernating and active 
workers while Dreyer (1932) determined that the Respiratory Quotient of ulkez 
has a seasonal rhythm, decreasing at low temperatures and varying with diet. 
TaLBor (1934) tested the tolerance of ulkei and five other Formica species to high 
temperatures and low humidities. 


GERALD SCHERBA 


REPRODUCTION 


Seasonal cycle of activity. — The field observations of HoLmauist 
(1928, 1928 a) and the author in 1950, 1951, 1953 and 1954 indicate that 
there is a regular and predictable sequence of events occurring within 
the mound nests. These events will vary from year to year and from 
nest to nest apparently dependent upon environmental factors, especially 
temperature. Microclimate is particularly important in this respect, 
and the mound that is shaded or has only a northern exposure to the 
sun lags in activities such as the development of the brood and the 
initiation of activity in the Spring. 


TaBLE I. — SEASONAL CYCLE OF EVENTS IN NESTS OF Formica ulkei 
EMERY. 


SEASON EVENT 


Surface activity begins. 

Nest construction begins. 
Active defense of nest begins. 
Foraging activity begins. 

Egg laying. 

Development of worker larvae. 


SADT ye brake Aud Sicpee vie ae are, Nae 


ate: AprilaMaviaew.ayee oot eee 
Mave Mid eAUoUs bccn. tise. ai eesieiiore 


Harly June-Mid September ........... 
MideImliv-MidgOctoberva. «+004. seers 
IMiceeA pril- Mids Jiumemmrarierde. tice 
Mae JUNC eaiun cepa retains Sion croc. oe 
Barly Une Marl ver Ju lveseine nace kee 
Midedune-Marl ye) lyse crete ate 
Waterdune-Harly 7 Juliveeene seine iar 
manlysvind sJiuliy: eecmte ae cas reece 
Late September-October 
Late October 


Development of worker pupae. 
Emergence of workers. 

Founding of new nests by budding. 
Development of sexual larvae. 
Development of sexual pupae. 
Emergence of males. 

Emergence of females, after males. 
Mating flight. 

Activity declines. 

Activity slight. 

Activity ceases. 


t 
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Activity above ground begins about the middle of March and there 
is a gradual commencement of activities such as foraging, nest building 
and defense of the nest. Egg laying begins in April and the subsequent 
cycle of brood development is summarized in Table I. Coinciding with 
the appearance of eggs in the colony, certain mound nests produce bud 
nests a short distance from the parental nest. Later in the season, in 
early July, the mating flight occurs. Beginning at about the time of 
the mating flight, large batches of empty pupal cases can be found on 
the mound perimeter indicating the emergence of workers. Workers 
will continue to emerge throughout the summer and by October all of 
the brood has emerged and the colony enters hibernation with only 
workers and queens. 


Formation of bud nests. — Between April, 1953, and October, 1954, 
63 mound nests were formed by budding from parental nests. This 
process, which WHEELER (1910) termed hesmosis, takes place in late April, 
May and early June and has never been observed to occur at any other 
time of the year. 

The factors which act to induce budding are obscure, although in one 
case, nest 52, the entire colony migrated into a clearing less than two 
feet from their former nest which was being heavily shaded by over- 
hanging grape vines. In another instance, nest 112, a vigorous colony 
appeared to be heavily shaded by Hawthorn trees Crataegus sp., and it 
produced four bud nests all in the direction of less shade. 

Choice of a site for a new nest appears influenced by light intensity 
and the nature of the substrate. Most of the bud nests from parental 
nests situated at the forest margin were located in the direction of the 
clearing rather than toward the forest or alongside the parental nest. 
Soil that has been mined or at least cleared of the plant cover is favored 
as a site. Thirteen of the bud nests were located on inactive nests of 
F. ulket or F. fusca. One was founded at the site of a crayfish midden 
formed earlier in the year, and several nests were founded at the base 
of grass clumps. In this latter case, the tall grass stems are utilized as 
posts and buttresses for the construction of the mound. Distance of 
bud from a parental nest varies from a few to 30 feet. 

Size of the incipient nest appears to vary with that of its population. 
Large buds with several hundred workers have been found with a basal 
diameter greater than 18 inches within a few weeks after founding. Some 
of the recently founded buds contain no brood. Workers have been 
observed transporting worker larvae from a parental to a bud nest. It 
is not known whether the bud nests contain a queen shortly after found- 
ing or whether the nest queen arrives after the mating flight. 


| Mating flight. — The flight of winged sexuals from nests in the colony 
was observed on July 2, 7, 8, 9, 1953, and on July 8, 9, 1954, during the 
early morning hours. 
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In the days preceding the mating flight, first the males and then the 
females emerge from their pupal cases and can be seen walking over the 
surface of the nests. The males especially move as if they are trying to 
leave the nest while the workers cling with their mandibles to the legs 
and antennae of these males on the nest surface and give the appearance 
of forcibly detaining them. 

The departure of the winged sexuals from the mound occurs during 
the early morning hours with the males flying off earlier than the females. 
Typically both males and females are released from “‘mature’’ mounds, 
although the relative proportions are unknown. Before leaving the 
mound surface, the sexuals fan their wings repeatedly, then often climb 
to the top of a nearby grass stem, and, when they depart, usually fly 
in the direction away from the forest and toward clearings and increased 
light intensities. At individual nests the flight departures span a two 
hour period, as.at nest 36 on July 8, 1954, between 6.30 a.m. and 8.30 
AIMS Gis. 

Mating has not been observed. It presumably takes place outside the 
nest, either in the air or on the higher branches of trees. 

Following the flight, the queens return to the ground where they 
are seen moving along the surface. A number of queens somehow find 
their way to the surface of mound nests where they are seized by workers 
who pinion them by holding legs and antennae outstretched. While 
the queen is held in this position, a worker shears the wings at their axis 
with the body using its mandibles, and the queen is dragged within the 
nest. When queens pinioned by workers of one nest were freed of workers 
and transferred to the surface of another nest, they were again pinioned 
and dragged within the nest. Since queens excavated weeks after the 
mating flight still had one or two shredded wings attached to the thorax, 
the removal of wings by the workers may be a variable pattern of behavior. 

The return of mated queens to established nests of the same species 
has been called secondary pleometrosis by WHEELER (1910) and it is evident- 
ly a portion of the reproductive pattern in Formica ulkeit. However 
WHEELER also suggested that, since Formica exsectoides has been shown 
to be a temporary social parasite of Formica fusca, then F. ulkei was 
doubtless similar in this respect. CreiGHTon (1934) verified WHEELER’s 
assumption when he found a nest of F. fusca workers with a queen of 
F. wlkev in Hill City, S.D. Nevertheless we have not been able to repeat 
CREIGHTON’S Observation despite the fact that there are numerous nests 
of #’. fusca within the study area. Evidently F. ulkei queens can and 
do act as temporary social parasites of F. fusca, but the rate at which 
they do so successfully is probably quite low. If so, then this would 
account for the anomalous distribution of F. ulkei in the Chicago area 
where a large aggregate of mound nests occurs due to budding, maintained 
by secondary pleometrosis; and widely scattered single nests also occur, 
miles apart, because of occasionally successful attempts at temporary 
social parasitism of the common and widespread F. fusca. 
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ORIENTATION OF THE MOUND NEST 


At the study area, the nests of Formica ulkei are asymmetrical with a 
long slope oriented toward the Southwest, the direction of greatest solar 
intensity in the Chicago area. How the mounds become oriented toward 


Fic. 14. — Mound nest of Formica Ulkei. A piece of paper denotes the long slope oriented in the 
Southwest direction. 


Fic. 2. — Cross section of mound nest showing thick crustal cap enclosing heterogeneous nest 
material. Circular and horizontal galleries extend into the soil to a depth of 5 to 6 feet. 
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greatest solar intensity is not known. Two possibilities exist: either 
the mounds are oriented toward the Southwest according to some ‘‘compass 
response’, or else the warmer temperatures which exist on Southwest 
slopes, in contrast to other slopes, facilitate nest building over a longer 
period of time and at a faster rate. ins 

Since, according to the second hypothesis, the direction of the long 
slope ought to change if the direction of greatest solar intensity is changed, 
we have measured the relationship between the direction from which 
the nest is shaded and the direction in which the long slope is oriented. 
In making this survey, all the mound nests which had a definite, easily 
discernible long slope were measured with a compass to the nearest 
octant. For example, on an individual nest, the shade might encompass 
the NW, N, NE and E directions, the long slope the SE, S, and SW 


MEDIAN SHADE 
NORTH TO EAST 


GROUP A, NO SHADE GROUP B 


GROUP C;| MEDIAN SHADE GROUP D; MEDIAN SHADE MEDIAN SHADE 
N? 32 EAST TO SOUTH N=7 SOUTH TO WEST WEST TO NORTH 


WwW 


Fic. 3. — Relation of natural shade direction (stippled area) to direction in which the long slope 
is oriented (indicated by arrow). Alteration of direction of shading is accompanied by alter- 
ation in the orientation of the long slope. See text. 


directions. As a basis for comparison, only the median direction of 
shade and the median direction of the long slope are considered. The 
compass octants were numbered clockwise from one to eight with N = 4, 
NE = 2, and so forth. The nests were then lumped into five groups 
according to the median direction of the nest shade and the mean, and 
Standard Error of the median direction of the long slope was calculated for 
each group. 

Results are tabulated below and represented as figure 3. Unshaded 
nests have the long slope oriented in a Southwest direction, as do nests 
whose median direction of shade lies to the north, northeast, east, south- 
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east or south. When the median shade direction falls in the south to 
west quadrant, however, the median of the long slope is oriented just 
south of east. When the median shade direction is in the west to north 
quadrant, the median slope direction changes to southeast. Although 
none of the mean median slope values fall in the two northern quadrants, 
eight nests in groups C, D, and E do have median slope directions in the 
upper quadrants. 

We conclude that alteration of direction of greatest solar intensity 


TABLE Whe a RELATION OF DIRECTION OF LONG NEST SLOPE TO DIRECTION 
OF SHADE. 
MEAN MEDIAN 
RANGE OF MEDIAN MEAN MEDIAN No. LONG SLOPE 
SHADE SHADE OF DIRECTION STANDARD 
Group DIRECTION DIRECTION NESTS + §.E. DEVIATION 
A No shade — 20 5.53 + 0.10 0.44 
B ING LOEB: 1.63 33 5.42 + 0.09 0.53 
G E. to S. 2.538) a2 5.738 + 0.25 1.44 
D Seton Ws 6.26 7 3.29 0.29 O77 
E W. to N. 7.86 23 3.89 + 0.20 0.94 


is accompanied by corresponding alteration in the orientation of the 
long slope. The second hypothesis appears to be the more attractive 
of the two. 


THE POPULATION (1) 


The number of mound nests, their size in basal diameter, and their 
distribution with respect to forest, forest margin and clearings has been 
determined in 1931 by Dreyer and Park, in 1941 by Dreyer and in 
1953 and 1954 by the author. 


TasLe II]. — CENSUS OF ACTIVE NESTS OF Formica ulket MOUNDS 
CLASSIFIED AS TO SIZE (2). 


Mar.-Apr. Oct.-Nov. April Sept.-Oct. 
AOS 1941 1953 1953 1954 1954 


No. 3% Nos es NOs. G6 Noa "% INoy 8%, No. % 


Sita eergd Semmes oer 80 28.7 25 Cae) 38 14.4 aXl) BBA 32 eee 
Medium. 130 34.0] 100 385.8] 103 40.6] 102 38.8 92 36.8) 113° 44.6 
Warge... 152, 36.3 99 35.5] 125 49.5] 123 46.8] 128 51.2] 127 46.6 


Total. 419 100.0 | 279 100.0 | 253 100.0 | 268 100.0 | 250 100.0 | 272 100.0 


(1) The author is grateful to Prof. Eart Ricu, University of Miami, for his advice concerning 


the treatment of data in this portion of the paper. 
(2) Small = basal diameter < 18 inches ; Medium = 18—36 inches; Large = > 36 inches. 


- 
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In each survey the method of census has been to map the study area 
and plot the location of each nest on the map. In 1953 and 1954, num- 
bered stakes were driven next to each nest. Since, in general, larger nests 
are older nests, data from such censuses provide information on both 
the population size and age structure as they have changed over a period 
of 23 years. 

Examination of Table III and figure 4 indicate that after an initial 
decline in population size from 419 in 1931 to 279 in 1941, the number 

of active mounds has remai- 

ned approximately at the 

1941 level. However, the re- 

400 lative porportion of different 
sized mounds has changed 

steadily toward an increase 

- in the proportion of medium 
+ 300 and large sized mounds, and 
- a decrease in the porportion 
= of small mounds. To the 
extent that this size classi- 

200 fication reflects age distribu- 
tion, there is a definite trend 

toward an increase in the 

proportion of older mounds 

93 i941 1953 and a decrease in the propor- 
tion of younger mounds (fi- 


lOO 


Fic. 4. — Change in number of active mounds over a 
23 year period of census. Census dates were 1931, gure 3). 
1941, 1953, 1954. The ecological distribution 


with respect to forest, forest 
margin and clearing has remained essentially the same during the period 
of census. 


Mortality. — Of the original 419 active nests present in 1931, there 
were 60 % surviving in 1941. If we express this as the negative rate of 
increase of population using the formula 


where r = annual rate of increase, t = interval of time in years, Py) = 
population size at time zero, and P, = population at time t, we find a 
negative rate of increase of 5 % per year between 1931 and 1944. Of 
the 253 active nests present in April, 1953, 232 were surviving in April 
1954, a mortality rate of 8,3 %; and of the 263 nests present in October, 
1953, 228 were surviving in October, 1954, a mortality rate of 9.5 %. See 
Table IV. 

Thus, for this population during the period of census, the overall 
mortality rate is between 5 % and 10 % per year. However, this mortality 
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is not equally distributed throughout the population but is greatest among 
smaller, presumably younger, nests and least among larger, presumably 


100% 


LARGE 
46.8 % 


50 % 


SMALL 
11.8% 
193) 194] IPSs) 1954 
Fic. 5. — Change in percentage composition of small, medium and large nests indicates a trend 


toward an increasing proportion of larger, older nests. 


TABLE IV. — SUMMARY OF RECORDED INACTIVE NESTS. 
NESTS WHICH MoRTALITY RATE 
DATE BECAME INACTIVE PER YEAR 
UL 4g oe ge ke 168 (1) 5.0 % 
Avro 5a -October 953 ee a. gee emen. osc. 13 
@WctohersO5 S-N pri 54 ae ence oscars 13 
An tiled Ooe-OCUbDEH A9S4 te cee ems cia 18 
PATO Oo NPT A OO ibis sol sts) shan, ois awl anerouel 26 8.3 % 
October L953-October 1954 .o5.c00ss 0008 ac 31 Che Of 


older nests as indicated by the mortality distribution of the 44 nests 
which became inactive between April, 1953, and October, 1954. 


PERCENT OF OCTOBER 


NEST SIZE NUMBER INACTIVATED 1953 POPULATION 
Siar l eee. eae eee tae ERIE acs 15 Be). i 
Wiehe” & ssa cs a ee eee oe ree ee 15 14.7 % 
ILS Clee Rope Vo io. =. cceceus aval onraias a 14 11.4 % 
44 


(1) Represents only that number of the original 1931 population of 419 nests known to have 
become inactive, and not the total of nests inactivated during this time. 
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While 11 of these 44 nests were founded between April, 1953, and October, 
1954, the remainder, 33, were established nests. 

Of the 23 new nests founded in 1953, 4 died during the same year, 
mortality rate 17.4 %, and 3 died out in the following year, mortality 
rate 15.8 %. Of the 40 nests founded in 1954, 6 died in that year, 
mortality rate 15 %%. Thus the mortality rate of newly founded nests, 
based on 63 nests, is approximately 15 % to 17 % in contrast to the 
5 % to 10 % for the-population as a whole. 

Although the factors affecting mortality remain essentially unknown, 
below is a summary of available information: 


FAcTORS IN MORTALITY NUMBER OF NESTS 
Disturbance by man or domestic animals .................. 6 
Nest: founded in) an unsuitable location =n. -.ss4-0.-. eee 4 
Shaded by overhanging’ tree branches 3-- =~. - 22-0 = oe y 
Replaceds bysothersspeciesuouramtsy. ter tet te aac teint 3 
Unknown; no apparent external factors .................... 27 
44 

Natality. — The season and method of founding new nests has been 


discussed earlier. During the period of census, 20 new nests were dis- 
covered which were founded in 1953, and 43 which were founded in 1954. 
This difference is surprising, considering the fact that the population 
size remained almost unchanged. However this difference is probably 
due to more frequent and intensive searching for easily overlooked nests 
which are founded and become inactive in a few weeks during 1954, in 
contrast to 1953. 


YEAR RATE OF REPRODUCTION ESTABLISHED NESTS/NEW NEST 
— (NEST BIRTHRATE) — 
Toso ee Cee 9.1 % 11.0 
VO OY idee eaten ABA) OE 6.2 


For this reason, the 1954 data are probably closer to the actual proportions 
for this population. 


Nest growth. — The classic study of ANDREws (1925), who measured 
the growth in size of a single mound nest of Formica exsectoides over a 
19 year period, indicates that after an initial period nest growth in cubic 
feet accelerates, then depresses and finally attains a maximum size. 
After this, nest size decreases as the mounds become inactive and covered 
with vegetation. ANpREws estimated the average life span to be 30 
years, while Dreyer (1942) calculated longevity at 25 years for mounds 
of Formica ulket. 

Nest size changes observed during the period of census are summarized 
in Table V. Furtherdataare needed before growth rates for this population 
can be established. 
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TABLE V. — COMPARISON OF CHANGE OF NEST SIZE. 
SIZE CHANGE 1931-1941 Oct. 1953-Oct. 1954 
No. oS No. We 
EV GMOMANG Sie ee MT Win. CCR os 104 24.8 206 78.3 
HNETCASCHINY SI 7Cym Veet weep, Skeet, S¥e ye 116 27.8 24 9.1 
Simalletormediune sen soe ces kee ak tee 4A 9.8 18 6.8 
PACIMMReEG TAT SE Lot ak Peak «oie i 47 das 6 Za 
RPM LIRROMAOTVO). BGR UL. ccyek ap oboe ae xc 28 6.7 0 0.0 
WD CENEASERIMASIZE™ WIA oe i ln ry ee endian: ay Wise 2 0.8 
Maxeeero median AecHc feast... Gee. ck 19 4.5 1 0.4 
Medium REO ESOL 0 Al iptnelehs crouch arco 8 1.9 0 0.0 
BROT SORE ON SINAN 2 ae Hons aie ais ns nin a @ 6 4 1.0 1 0.4 
UDC sh, Mote ee aol Ee eee Cone 168 40.0 20 IAS 
ANG RSU A ate a Se eh a an ee 4A9 263 


Summary. 


1. Details of the life history, nest structure and 23 year population 
history are presented for an aggregate of mounds nests of the ant Formica 
ulket Emery located near Chicago, Illinois, U.S.A. 

2. There is a regular cycle of activity commencing in March and 
terminating in November. The mating flight occurs early in July, 
with the females returning to established nests after the flight. New 
nests are formed as buds of established nests. 

3. Mounds nests are asymmetrically shaped with the long slope in 
the direction of greatest solar intensity. Alteration of the direction 
of greatest solar intensity by natural shading results in an alteration of 
the direction of the long slope. 

4. The results of a population census in 1953 and 1954 are presented 
and compared with similar censuses of the same population in 1931 and 
1941. Although the population size has not changed appreciably since 
1941, there is a definite increase in the proportion of older nests. 

5. Mortality rate is approximately 5 % to 10 % per year for the whole 
population, while for newly founded nests the mortality rate is 15 %, 
oti ile 

6. Population data are also presented on natality and on the growth 
of mound nests. 


Résumé. 


1. On décrit ici une agglomération de nids en butte de Formica ulkei 
Emery qui se trouve prés de Chicago, Illinois, aux Etats-Unis. On pré- 
sente des détails sur le cycle biologique, sur la structure du nid et sur l’évo- 
lution des populations suivie pendant 23 ans. 
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2. Il existe un cycle régulier d’activité qui commence au mois de mars 
et qui se termine au mois de novembre. Le vol nuptial survient trés tot 
au mois de juillet et les femelles rentrent dans des nids bien établis 
aprés le vol. De nouveaux nids sont formés par bourgeonnement des nids 
anciens. 

3. Les nids en butte sont de forme asymétrique et la pente douce est 
dirigée vers la plus grande intensité solaire. Le changement d’orienta- 
tion du maximum d’insolation résultant d’un écran naturel produit une 
modification de la direction de la longue pente. 

4. On présente les résultats de recensements de population de nids 
en butte faits en 1953 et en 1954, et on les compare aux recensements 
de la méme population en 1931 et en 1941. Bien que la taille totale de 
la population n’aie pas changé d’une manieére significative depuis 19414, 
il y a un accroissement marqué de la proportion des anciens nids. 

5. La mortalité pour cette population est 4 peu prés de 5 % a 10 % 
par année, tandis que pour les nids jeunes la mortalité est de 15 % a 
iW a 

oie présente aussi des statistiques de populations sur les nids nou- 
veaux et sur la croissance des nids en butte. 


Zusammenfassung. 


1. Einzelheiten der Lebensgeschichte, der Neststruktur und einer 
23 jahrigen (dreiundzwanzigjahrigen) Bevolkerungsgeschichte einer Gruppe 
von Formica ulket Emery Ameisenhaufennestern, die in der Nahe von 
Chicago, [linois, in den Vereinigten Staaten von Amerika studiert wurden, 
sind in diesem Bericht dargestellt. 

2. Das aktive Leben dieser Ameisen besteht aus einer regelmassigen 
und geordneten Aufeinanderfolge von Tatigkeiten, die im Marz beginnen 
und im November enden. Der Hochzeitsflug findet in den ersten Julitagen 
statt, und die weiblichen Ameisen kehren nach dem Flug zu einem bewohn- 
ten Nest zuriick. Neue Nester entstehen durch die Tatigkeit der Ameisen 
in den bewohnten Nestern, die zum Teil Material ihrer alten Nester fiir 
den Neubau gebrauchen. 

3. Die Haufennester sind unsymetrisch geformt. Ihre langste Seite 
ist der intensivsten Sonnenstrahlung zugewendet. Wenn sich die Richtung 
der starksten Sonnenstrahlung durch naturliche Schatten dndert, so 
erfolgt eine Anderung in der Richtung der langsten Seite des Haufen- 
nestes. 

4. Die Resultate einer Volkszéhlung der Haufennester in 1953 und 
1954 sind dargestellt und mit den Volkszihlungen derselben Bevélkerung 
in 1931 und 1941 verglichen. Wahrend sich die Bevélkerungszahl seit 
1941 nicht bedeutend geindert hat, ist eine entschiedene Zunahme im 
Prozentsazt der alten Nester beobachtet worden. 

5. Die Sterblichkeit dieser Bevélkerung ist ungefahr fiinf bis zehn 
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Prozent jahrlich, wahrend die Sterblichkeit in den neuen Nestern fiinfzehn 
bis siebzehn Prozent betragt. 


6. Ausserdem enthalt der Bericht Information beziiglich der Ent- 
stehung und des Wachsttims der Haufennester. 


LITERATURE CITED 


1925. AnDREws (A. E.). — Growth of ant mounds (Psyche, 82, 75-87). — 1926. Sequen- 
tial distribution of Formica exsectoides Forel (Psyche, 38, 127-150). — 1927. Ant 
mounds as to temperature and sunshine (J. Morphol., 44, 1-20). — 1932. An ant 
hill (Set. Month., 34, 97-114), 

1944. Buren (W. F.). — A list of Iowa ants (Iowa State Coll. J. Sci., 18, 277-312). 

1917. Burriu (A. C.), Smita (M. R.). — A preliminary list of the ants of Wisconsin 
(Ohio J. Sci., 18, 229-232). — 1918. A key to the species of Wisconsin ants, with 
notes on their habits (Ibid., 19, 279-312). 

1934. Creicuton (W. S.). — Descriptions of three new North American ants with 
certain ecological observations on previously described forms (Psyche, 41, 185- 
200). — 1950. The ants of North America (Bull. Mus. Comp. Zool., 104, 1-585). 

1932. Dreyer (W. A.), Park (T.). — Local distribution of Formica ulkei mound 
nests with reference to certain ecological factors (Psyche, 89, 127-1 33). 

1932. Dreyer (W. A.). — The effect of hibernation and seasonal variation of tem- 
perature on the respiratory exchange of Formica ulkei Emery (Physiol. Zool., 5, 
301-331). — 1942. Further observations on the occurrence and size of ant mounds 
with reference to their age (Ecology, 28, 486-490). 

1944. Grece (R. E.). — The ants of the Chicago region (Ann. Ent. Soc. Amer., 37, 
447-480). — 1952. The female of Formica opacwentris Emery (Formicidae) (Psyche, 
59, 13-19). 

1926. Houtmguist (A. M.). — Studies in Arthropod hibernation (Ann. Ent. Soc. Amer., 
19, 395-428). — 1928. Notes on the life history and habits of the mound building 
ant, Formica ulkei Emery (Ecology, 9, 70-87). — 1928 a. Studies in Arthropod 
hibernation II. The hibernation of the ant Formica ulkei Emery (Physiol. Zool., 
1, 325-356). 

1929. Park (O.). — Ecological observation upon the myrmecocoles of Formica ulkei 
Emery, especially Leptinus testaceus Mueller (Psyche, 86, 195-215). — 1935. Beetles 
associated with the mound building ant, Formica ulkei Emery (Psyche, 42, 216-231). 

1929. Park (T.). — Notes on the relationship between Formica ulkei Emery and 
Solenopsis molesta Say (Ent. News, 40, 325-326). | 

1952. Smitn (M. R.). — On the collection of ants made by Titus Ulke in the Black 
Hills of South Dakota in the early nineties (J. N. Y. Ent. Soc., 60, 55-63). 

1934. TatBor (M.). — Distribution of ant species in the Chicago region with reference 
to ecological factors and physiological toleration (Ecology, 15, 416-439). 

1910. Wueeter (W. M.). — Ants. Their Structure, Development and Behavior. 
New York. Columbia U. Press, xxv + 663 p. — 1913. A revision of the ants of 

the genus Formica (Linne) Mayr (Bull. Mus. Comp. Zool., 58, 379-565). 

1939. Winpsor (A. 8.). — Pyramids of Palos (The Chicago Nat., 2, 67-72). 


* ail ay S 


is ee : 


THE BEHAVIOR AND BIOLOGY OF CERTAIN NEARCTIC 
ARMY ANTS 
LAST PART OF THE FUNCTIONAL SEASON, 
SOUTHEASTERN ARIZONA * 


T. C. SCHNEIRLA 


(The American Museum of Natural History, Central Park West, 
New York 24.) 


OUTLINE 
EN EEO CET ON at tacit el Rw Reg eel eyene ph eR ig i 0 gE Sa! sl 216 
BARE RMRESULETS ONMNETVAMIYRMER aoc oie otic pace Wee he es ee ee 216 
ENCE Le Meme ia erie peke, eles eee Cera coarse eae cee a een Rin cute wale + See atee oe PAI) 
SERB JE CoRR JOGA TAIT Van ANID a AON, DIET BOIN|Siatz naeas coy che bristles cos Clots io ae. ehcvens sacgetne eee 224 
Marton AND ER OGED URESWpmr. Meet. tee toe ek.e bs ee en mt ae Ate 222 
INNS DRE. .o: ce. cho, dekolte clase tt tackle ie UAR A RGR emee Speen EID ae are EA cc wae 


Review of Principal Colony Records (223) : Pugsley colony, Neiv. nigrescens (223), 
Meadow colony, Neie. nigrescens (224), Rustler’s Road colony, Neiv. nigres- 
cens (225), Skunk Hollow colony, Neiv. nigrescens (226), Laboratory-A colony, 
Neiv. nigrescens (226), Laboratory-B colony, Neiv. nigrescens (227), Creek 
colony, Nev, nigrescens (229), Bridge colony, Nei. nigrescens (232), Thicket 
colony, Neg. nigrescens (234), Rock colony, Neig. nigrescens (235), Stone colony, 
Neiv. nigrescens (235); Lodge colony, Neiv. opacithorax (236), Spring colony, 
Neiv. opacithorax (236);—Raiding (236);—The queen of Neiv. nigrescens (239); 
—Habitat and Nesting (241);—The Broods (242);—The Emigrations (244);— 
The Functional Cycle (246). 


reneNe aah eee ee Le Aa Care Oe ee Fe lie wictalnes 249 
SPURVUMENE VPI Din C/O NCE USTOINS 2 6 Schaerer oer eeticumusrn en GB ide # wile rue g et «un lemon aor 252 
225s UM (AUS AWNUM BANE A SSUNINIG \erajnrai ol chey 9 cor alste wah cu-ielt Alias oy Sahel s\ele “4 8B ehp muasierovend 253 

254 


[Pe apTa STR Ta AON ONS bo, Aneel tare Me Ra ose a andy cau taNeicn aera nea ae on oe 


* The field expenses of this investigation were supported through a grant from the Research 
Fund of the Council of the Scientific Staff of the American Museum of Natural History. Study 
~ of preserved material has been subsidized by a grant from the National Science Foundation. 

Dr. Mont. A. Cazier, Director of the Southwestern Research Station of this Museum, aided the 
progress of the investigation in many ways, not the least of which was his invaluable help in 
finding new colonies. His interested cooperation is acknowledged appreciatively, as is that of 
Mr. John Gordon Anderson, Foreman, and Miss Ellen Ordway, then Scientific Assistant at the 
Southwestern Research Station. Mr. Robert Miller, of Rodeo, New Mexico, participated efficient- 
ly as field assistant. 

Dr. Roy Whelden, Haskins Laboratory, Union College, kindly made available valuable 
information from his histological studies of the queens. 

INSECTES SOCIAUX, TOME V, N° 2, 1958. 


216 T. C. SCHNEIRLA 


INTRODUCTION 


Nomadism and a predatory, carnivorous life are characteristic of the known doryline 
ants. In tropical American species, emigration and related colony functions vary 
regularly in close relation to cyclic reproductive changes within the colony (22, 24, 27) 
rather than being irregular and dependent upon local food supply as was formerly 
thought (32, 16). There prevails in these species, throughout the year in both rainy 
and dry seasons, an unbroken succession of functional cycles, in which nomadic phases 
of high activity alternate regularly with statary phases of sessile life and low activity. 
This character of functional cyclicity depends upon massive stimulative effects exerted 
by the brood upon the worker population of the colony at specific recurrent stages. 

Among doryline ants of the New World the genus Eciton in many respects contrasts 
strongly with the genus Neivamyrmex. Although Eciton is essentially tropical, ranging 
between 26° N and 26° S, Neivamyrmex extends widely into the North and South 
Temperate Zones from about 45° N in the upper Mississippi Valley to 45° S in Patagonia. 
Whereas Eciton has only 12 known species, Neivamyrmex has 113 (5) and possibly 
more. Numerous Eciton species are strongly epigaeic and even arboreal in raiding 
and nesting (29, 28); however, all Meivamyrmex species are hypogaeic in nesting and 
many in their raiding also. Workers, males and queens in Eciton are considerably 
larger than the corresponding castes in Neivamyrmex, the workers major in Eciton 
have large heads and huge hook-shaped mandibles unlike the smaller ones of Nezva- 
myrmex workers, and other differences exist. 

One striking difference between these doryline genera is that the essentially sub- 
terranean Meivamyrmex species range into the North and South Temperate Zones 
where their representatives have evolved under the conditions of an annual winter. 
The range of Veivamyrmex species is thus much wider than that of Eciton. The ques- 
tion thereby arises of what similarities and what differences may exist between Eciton 
and the Nearctic species of Neiwamyrmex in their behavior patterns and related 
biological properties. This is the first of three studies designed to investigate represen- 
tative Newamyrmezx species indigenous to the Northern Temperate Zone with respect 
to their adaptive patterns in comparison with that known for Eciton. 


EARLIER RESULTS ON NEIVAMYRMEX 


For an introduction to the biology of this ant genus, the publications 
of Wheeler (33, 35, 36), Emery (12), Bruch (9), Smith (30, 31) Borg- 
meier (5) and Creighton (11) may be consulted. It is clear from the litera- 
ture that all Neivamyrmex species are essentially hypogaeic in contrast 
with species of Eciton. In the tropics their colonies are usually seen in or 
close to the forests or the gallery cover of rivers. However, Smith (31) 
notes for eastern areas in the United States that Neiv. nigrescens and 
opacithorax are not entirely subterranean, as their columns may be seen 
on the surface even in full sunlight. He states that in rugged country 
they are found in the valleys and on gentle slopes and plateaus but never 
on steep, exposed places. 

Colonies of Netvamyrmex commonly nest in the soil, often beneath 
objects lying on the ground or partially buried. In the eastern U. S. 
their nests are often found in rotten logs and stumps and in the ground 
beneath these, and occasionally in or near the foundations of buildings (31). 
There is one report from Brazil of a colony of Neiv. legionis found nesting 
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7 m. up in a hollow tree (21), but even in the tropics nests of these ants 
entirely above ground may be rare. Observations of exposed Neiva- 
myrmex bivouacs have not been reported, and in the tropics I have 
never found a colony of this genus whose nest was not very well shel- 
tered. 

In the central cavities of the nests of Neivamyrmez, clusters of workers 
are commonly found, as Wheeler (33) reported, ‘‘ . . . in compact masses, 
often as large as a man’s fist.”’ Although this condition is confirmable 
for Neiv. nigrescens and opacithoraz, other species may deviate. Under 
certain conditions, or perhaps typically, the occupied cavities may be 
enlarged by the digging operations of the Meivamyrmex themselves (8). 

A seasonal adaptation of some kind would be expected in the Neiva- 
myrmex of subtemperate and temperate areas, and this is indicated in 
Wheeler’s (33) statement that in Texas, 

‘“ . . .during the winter and spring months, at least, the Ecitons (i.e., 
Neivamyrmex species) I have observed occupy the same nest. This 
they probably do until their young are raised.” 

Wheeler offered no evidence to support this statement clearly, and his 
suggestion of a time-limited raising of brood prior to a spring emigration 
is misleading. The possibility remains however that Nearctic Neiva- 
myrmex species are characterized by an interruption of regular colony 
function under winter conditions, in contrast to species indigenous to the 
tropics and subtropics in which brood production and regular colony 
function may continue throughout the year. 

The concept of long-continued nests (‘‘Dauernester’’), advanced by von 
Ihering (19) for Labidus coecus and accepted by others for Neivamyrmex 
species as well, suggests perhaps the maintenance of winter quarters. But 
the term as used by von Ihering and later by other writers seems to go 
beyond this. For example, Gallardo (14) reported a case discovered in the 
Sierra Ventana of Argentina, in which a colony of Nei. @orbignyi was 
unearthed at the same site in the spring months of two successive years. 
Although Borgmeier (5) considered this an indication that this species 
occupies Dauernester, such reports tell us only that colonies of the same 
species have been found in the same nesting place at different times. My 
records for doryline species in the tropics show for Labidus and Neiva- 
myrmex as well as for Eciton spp. that not infrequently, in different years, 
different colonies may occupy the same nesting sites. In view of the 
question of a seasonal interruption of function in relation to possible 
statary phases, all claims for long-term doryline nesting must be examined 
carefully. 

According to Smith (30), the colony populations of Neiv. nigrescens are 
‘moderately large.” Although no actual counts have been made, | 
estimate the worker populations of this species at between 150,000 and 
250,000 individuals. Gillespie and Cole (15) describe the workers of 
Nei. nigrescens as monomorphic and, from a measurement of 250 indi- 
viduals, as having a size range represented by 0.52—1.50 mm. thorax 
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length *. The worker population presents a smooth transition from 
largest to smallest, with the distribution skewed toward the latter. A 
series representative of the worker range is shown in figure 1. 
In advance of the present study I hypothesized (27) for brood production 
and colony function in Neivamyrmez a relationship basically comparable 
to that found in Eciton. Support for this idea is found in my notes on 
emigrations of Neiy. pilosus, sumichrasti and gibbatus colonies in the 
tropics, in which great numbers of callow workers often thronged the 
columns. Also, information has been given to me for Neiy. nigrescens in 


Sst 


Fic. 1. — A physogastric queen of Neivamyrmex nigrescens, with a series of workers representing 
the range from maxima to minima. The queen was taken by Dr. W.S. Creighton on March 18, 
1950, near EH] Salto, Durango, Mexico, from a colony found at 8,300 ft. bivouacked beneath a 
stone under an oak beside a meadow. Length of queen’s thorax: 2.55 mm. 


the U.S., in which large numbers of mature or nearly mature worker pupae 
were found, in one case (by E. Ross, in Georgia) in a highly active colony 
bivouacked under a log, in the other (by C. Rettenmeyer, in Kansas) in a 
colony which emigrated a few days after maturing worker pupae had been 
found in the nest. Present results sustain the hypothesis in detail. 
Since Wheeler (33) reported the capture of a queen of Neiv. opacithorax 
in 1894 by Schmidt in N. Carolina and of nigrescens by himself in Texas, 
the collection of the queens of some 18 different species of this genus has 
been recorded. These captures, which have ranged from localities in lowa 
and Kansas through the tropics to southern Argentina, need not be 
described in detail here. However, one fact of great importance to the 
problem of this investigation should be noticed, namely that about half of 


* However, Borgmeier (5) considers the Neivamyrmex worker series polymorphic. Although 
this point is subject to discussion, it is clear that Neivamyrmex workers are less strikingly poly- 
morphic than those of Eciton. 
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the captures have involved queens in the contracted condition and the 
other half queens in the physogastric condition. This difference has been 
found through several species both in tropical and in subtemperate areas. 

The taking of physogastric queens of this genus has been reported 
for 12 species, of which physogastry was incomplete at the time of capture 
in New. diana in Brazil (2), hetschkoi in Argentina (9), minense in Brazil (2), 
nigrescens in Texas (33), and raptans in Argentina (7), and relatively 
complete in the queens of angustatum in Brazil (1), humilis in Costa Rica (3), 
legionis in Brazil (21, 9), nigrescens in Mexico (Creighton, pers. comm.), 
opacithorax in Tennessee (Cole, pers. comm.), pertyt (6) and pseudops (8) 
in Argentina, and spinolai (5) in Costa Rica. . All of these queens were taken 
from subterranean nests. A transitional stage of physogastry, in the 
queen of nigrescens taken by Creighton, is represented in figure 1. 

The taking of queens of this genus in the contracted condition has 
been reported for 13 species, which are: Neiv. alfaroi in Costa Rica (4), 
carolinensis in N. Carolina (13), dorbignyi in Argentina (7), gibbatus 
in Panama (5) *, hetschkoi in Argentina (9), humilis in Costa Rica (3), 
nigrescens in Texas (33) and in Mexico (20), opacithorax in N. Carolina 
(37), pilosus in Costa Rica (22), in Argentina (8), raptans in Argentina 
(7, 9) and wheeleri in Texas (10). With the exception of the queens of 
gibbatus, pilosus and pseudops, which were taken from emigration columns, 
all others in this list were extracted from the nests of their colonies. 

From these results there remains little doubt that normally, as with 
Eciton, the colonies of Neivamyrmex spp. have only one functional queen. 
Among the many cases only three exceptions appear, that reported by 
Wheeler (33) concerning Nei. nigrescens, by Bruch (7) concerning raptans, 
and by Bruch (9) concerning hetschkot. In each of these instances two 
queens were found in the same nest, one laying eggs at the time. Here, 
much as in Ectton (26), it is likely that a colony with a mature sexual 
brood and undergoing fission is involved, with one queen (i.e., the one 
laying eggs) being the functional queen of the parent colony and the other 
or others virgin. 

It is also clear from the above evidence that queens of many Netvamyrmex 
species may be found in either the contracted or the physogastric condi- 
tion. The inference plainly is that these two conditions may arise at 
different times in the same queen, and perhaps alternately as I have found 
the rule in Eciton (23, 25, 27). The conclusion of various authors that 
contracted queens are ‘young, not yet physogastric’ would seem wrong asa 
generalization for this genus as it is for Eciton (24, 25). 

The fact that in nearly all of a few dozen reported instances queens of 
Neivamyrmex species have been found either physogastric or contracted, 
with few in a transitional condition, indicates that queens of this genus, 


* The queen of Neiv. gibbatus reported by Borgmeier (5) was taken by Dr. R. Z. Brown, then 
my field assistant, from an emigration column at 11:00 p. m., Jan. 19, 1948, on Barro Colorado 
Island, C. Z. Large numbers of callow workers ran in the column, and a mass of excited workers 
formed a retinue for the queen. 
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like those of Eciton, produce distinct broods and are not continuously 
reproductive. This inference seems to find support in Holliday’s (48) 
statement from her histological study of a partially physogastric queen 
of nigrescens, that 
“on the vagina occurred the receptaculum seminis of rather 
large size, apparently a necessary adaptation to the large number 
of eggs to be fertilized. That many of these are mature at a time 
is indicated by the fact that half of the tubules of each side contains 
several ripe eggs.” 
From her dissections, Miss Holliday estimated that the total number of 
ovarioles in the nigrescens queen “‘could not be far from 500.” From a 
study of several queens of this species Dr. Roy Whelden (pers. comm.) 
finds this estimate conservative and judges that at the beginning of an 
egg-laying period each ovariole may contain an average of at least 10 
mature eggs, and also many others in a series of decreasing size and 
maturity. A prolific reproductive capacity in this queen is indicated by 
results to be reported in this paper. 

No systematic studies have been made on colony function in Neigva- 
myrmex. The raiding forays of species such as nigrescens are carried out 
in columns, on chemical trails produced by the workers themselves (33, 
31). Smith (30) states that the food consists largely of other insects, 
including termites, ants and their brood, and beetles. The colony diet, 
therefore, is essentially carnivorous (37). Smith reports that although 
ants of this genus tend to be predominantly subterranean (at least in 
their nesting), the columns of Neie. nigrescens and opacithorax frequently 
appear on the surface, even in full sunlight. The inclusive pattern of 
colony raiding is unreported, and the relationship of foraging to emigration 
has not been studied in Neivamyrmex species. 


PROBLEM 


Although it has been generally assumed that colonies of Neivamyrmex 
species, like those of other dorylines, have relatively temporary nests and 
are nomadic, no regularity has been claimed for their emigrations. The 
basis of their nomadism has never been studied, although we find the 
traditional food-exhaustion hypothesis accepted without question by 
Heape (1) and others. Smith’s (30) statement that “The stays are 
governed largely by the availability of food for them” remains unsup- 
ported. On the other hand, by inference from my findings for Eciton, 
Creighton (11) has suggested that the movements of Neivamyrmezx colonies 
may be regular and based on circumstances grounded in brood condi- 
tion. 

The first problem of the present investigation was to test the brood- 
excitation hypothesis for Veivamyrmez, favored over the food-exhaustion 
idea. To test the latter hypothesis, evidence was sought concerning 
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possible relationships between colony movements or failures to move and 
local food supply. In view of the brood-excitation hypothesis, evidence 
was gathered on brood condition in relation to raiding and to emigration, 
and laboratory tests were made to find what stimulative effects from 
brood might affect adults differently according to developmental stage. 

If the favored hypothesis is supported, and Nearctic dorylines are 
found to have functional cycles comparable to those of Eciton, a second 
problem arises concerning the continuity of function in the colonies. 
Wheeler (33) did not find these ants active in the cold months, and it 
would seem likely that in contrast to the year-around cyclic function of 
Eciton a distinct winter break in function would prevail among dorylines 
in the Temperate Zones. Therefore the present study, the first of three 
directed at these problems, was scheduled for the latter part of summer 
in the hope of sampling colony function both in the regular season and in 
its possible autumnal changes. 


SUBJECT, LOCALITY AND CONDITIONS 


The present study is devoted mainly to Neivamyrmex nigrescens, the 
species of this genus which is most widely distributed and most common in 
the Southern United States (31). This species is represented throughout 
a large area having mideastern North Carolina and midwestern Nebraska 
as its northern corners and southeastern Georgia and southwestern Arizona 
as its southern corners. The area of this investigation was southeastern 
Arizona near latitude 32° N, on the eastern face of the Chiricahua Mts. at 
an elevation of about 1,600 m. Also present in this area, and perhaps as 
common as Nev. nigrescens, are colonies of Neiv. opacithorax, a secondary 
object of study in this research. 

The investigation was carried out mainly in the vicinity of the South- 
western Research Station of the American Museum of Natural History in 
Cave Creek Canyon, from July 6th to Sept. 13, 1956. It thus extended 
from the height of summer into the time when nocturnal temperatures 
had begun their annual autumnal decline. Although during the summer 
in this locality nocturnal temperatures seldom fall to 10°C, after mid- 
August in 1956, by midnight superficial ground temperatures commonly 
had fallen below 10°C. and air temperature 6 cm. above the ground to 
6-8°C, and in early morning hours the records were even lower. It is 
- not just the latitude of the study area, but ecological conditions peculiar 

to the altitude and situation, that may be significant for the research. 
~ Due to factors related to altitude, the results may resemble more closely 
those obtainable under conditions farther north in the species range than 
those for colonies of these species living in zones at the same latitude but 
nearer sea level. 

In the general locality, July and August normally are the two rainiest 
months of the year ; however, in the 1956 season rainfall was unusually 
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light in August. Prior to mid-August, the Station area was reached 
nightly by convection currents of warm air rising through the canyon 
from the desert below. Although Smith (30) concluded that elevations 
of 2,000 ft. or less are optimal for Neivamyrmex, the described conditions 
holding in the area of the Southwestern Research Station may account 
for the fact that colonies of both Neiv. nigrescens and opacithorax were 
found to be relatively numerous there during the ten weeks of this investi- 
gation. Among other conditions favorable to many ants including these 
dorylines would be included a relatively good although scattered chaparral 
cover verging into pinyon-juniper and fir-pine associations, and a local 
geology contributing to a good retention of ground moisture. In addition 
to the ecological suitability of this area for the dorylines, insects and their 
brood serving as booty are also plentiful. 


METHOD AND PROCEDURES 


The method involved longitudinal surveys of behavior and other func- . 
tions in two or more colonies concurrently and cross-sectional surveys in 


Fre. 2. — Locale of the statary bivouac of Rock colony. A pile of stones in the central background 
marks the initial entrance point, to the right of which the colony nested in an area 1.2 m wide 
In the foreground may be seen a section of the inspection lane surrounding the biyouac area: 
the string in the left background marks a principal raiding route. F , 
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other colonies over shorter periods of time, with samples of the brood taken 
regularly in each case. 

In the first three weeks, during July, techniques were developed for 
studying individual colonies continuously. This involved procedures for 
tracing the routes of raiding columns and of emigrations with a minimum 
of disturbance to the ants, an exacting process when the columns ran for 
some distance under surface cover. Asa rule, five surveys of each colony 
were made nightly,—one shortly after dusk, two others before midnight, a 
further one before 3:00 a.m. and a final one as appropriate before dawn. 
Records were taken of items such as activities at the bivouac, the direction 
and progress of principal raiding systems, and the direction and character- 
istics of emigration. For a protracted close study of activities, as when 
inspecting an emigration column for brood, a dim light was used,—other- 
wise five-cell headlights served for illumination. 

To insure observing all columns and particularly emigration columns 
leading from the nesting site of a colony, a circular inspection lane was 
cleared around the bivouac center, at a distance of 5 m. or more as might 
be necessary to detect columns that started out by subterranean routes 
(fig. 2). This ‘cordon’ procedure was always used with statary colonies 
or with others operating under conditions of heavy ground cover. A 
physical continuity of successive emigrations was established in all cases 
of colonies continuously on record. After the schedule was standardized, 
the routine daytime inspection of colonies was minimized except on over- 
cast days. 

Brood samples were taken by removing specimens from the emigration 
columns with a suction bottle. These samples were fixed in Bouin’s 
solution and preserved in 70 % alcohol. As far as possible, sampling 
was made nightly and was timed on each night so that the limits of the 
brood size range would be represented. 


RESULTS 
REVIEW OF PRINCIPAL COLONY RECORDS. 


There follow summaries of the main facts concerning events in those 
colonies from which evidence was obtained bearing both on colony function 
and on brood condition. Each protocol is followed by a summary and 
interpretation. 


Pugsley colony, Neiv. nigrescens. 


On the night of July 12 a heavy emigration column thronged with callow workers, 
with a minimum of inert pupae carried, was discovered at 10:30 p.m. and observed 
until its end shortly after 1:30 a.m. White packets suspected to be early brood were 
also carried. From its origin near the base of a cement wall, the thick column 
meandered to the S 35 m. across an open area to enter a stone wall on the opposite 
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side, continuing its movement under cover for more than 25 m. to the £ along this wall 
to a place where it nested for two days. Raiding was observed from this site on the 
three following nights, and on July 15 there were indications that at some time after 
10:00 p.m. an emigration developed on raiding lines to the SW. 


This colony is considered equivalent to colonies Lab-B, Thicket, Stone 
and Bridge, in that the first emigration of a nomadic phase occurred in 
the presence of a large, mainly eclosed brood of mature worker pupae. 


Meadow colony, Neiv. nigrescens. 


At 10:30 p.m. on July 15, the two basal columns of a large raid were traced across a 
field to the colony bivouac under a large stone (fig. 3). As had been observed in 
raiding colums in this area on the preceding night, the plentiful booty included both 
brood and winged forms of Formica spp. in particular. At 12:15 p.m. the WN trail 


N 
10 
20m. 
X 
Fic. 3. — The principal raiding trails developed by a colony (Meadow, July 15) entering the 


nomadic phase, showing the origins of peripheral branches, after five hours of raiding when 
basal branches have died away. x, bivouac under large stone. 


system had disappeared, and on the SE a wide outgoing column had pushed to a 
distance of 10 m. where it was then reversed by returning traffic. Overturning the 
bivouac rock exposed: 1) large windrowed masses of dark-brown adult workers with 
tens of thousands of light callow workers; 2) a new brood of embryos and a minority 
of microlarvae of potential workers in three main clusters, of which an estimated 95 ve 
was captured for preservation; and 3) the queen, in a contracted condition, found in a 
rolled leaf in a mass of workers on one side of center. Captured for fixation were the 


\ 
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queen, most of the new brood of embryos and microlarvae (later numbered at close to 
35,000) and perhaps 15,000 of the callow worker brood. Because of these collections, 
rg ahaa observed in this colony must be considered abnormal, but as such are of 
interest. 

On the following nights, raiding columns issued variably from beneath this stone, 
but there was no emigration until on the night of July 20 the ants moved 21 m. to the 
NE into a stone wall. Here they remained, with nightly raids, until on July 24, after 
8:00 p.m., a raiding line to the E was crowded with an exodus of workers and darkened 
callows. Larvae were transported after 10:00 p.m., but were few anda sample was diffi- 
cult to obtain. There were branches after 40 m., but the most active raiding occurred 
from branches beyond 60 m. After 10:00 p.m. successive traffic reversals occurred, 
beginning peripherally, and increased in scope with time. Further reversals entailed 
increasing traffic disruption, with numerous rushing masses up to 12 cm. wide and often 
more than 2-3 meters long on the trail. At one collision point about 30 m. back from the 
raiding front, a mass of ants spread laterally from the trail in an eruption that surged 
more than 120 cm. upward on the trunk of asmall tree. By 1:15 a.m. the reversals 
had expanded to include nearly the entire line to the old bivouac. (Reversalscontinued 
through the night, and only a part of the colony moved to a new site under a stone at 
65 m.). On the next night an exodus again developed from raiding on this same line, 
after 10:15 p.m., with the entire (remnant) colony eventually moving into a stone wall 
at 70 m. from the bivouac site of July 17. Evening raids followed in this vicinity, 
with occasional abortive emigrations and one short completed emigration, until after 
the night of July 29 the ants could not be found. 


—What might have been the first emigration of a nomadic phase was 
blocked by a major disturbance of the colony in which most of the young 
brood, a considerable part of the mature brood, and the queen were taken. 
The effect was to reduce further activities, and the absence of the queen 
evidently increased the difficulty of establishing new bivouacs on exodus, 
contributing to abortive and variable emigrations. 


Rustler’s Road colony, Neiv. nigrescens. 


At 10:15 p.m. on July 17 this colony had an unbranched column of workers to the V 
from their emergence point among leaves-in a dry creek bed, following a meandering 
course 25 m. across grassy areas to a tree-root mound below which the main colony 
evidently was bivouacked. Many light-colored callow workers were seen in the traffic, 
largely directed toward the tree. A system of branching columns extended to the 
NE, and on the most active line from a stone road-fill at 55 m. much booty was lugged 
back to the bivouac. After 10:45 p.m., an exodus developed from the bivouac on this 
line to the road-fill area, with large numbers of callow workers running in the column 
and larvae (identified as potential males) in transport. The movement in wide column 
continued until after 3:00 a.m., with only booty carried after about 1:00 a.m. Traffic 
continued until dawn, thinly except for occasional bursts. On July 18, after dusk, 
there was raiding from the tree-mound on the same line, and after 8:00 p.m. an exodus 
developed in which further sexual larvae were carried. Interrupted for nearly an 
hour by rain, this emigration declined after 11:30 p.m. Efforts to trace the colony 
failed. 


—This colony, with a large recently eclosed brood of callow workers and 
a young brood of sexual-form larvae, was judged to be in the first part of 
a distinct nomadic phase. 
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Skunk Hollow colony, Neiv. nigrescens. 


On the night of July 20, this colony was located in a bivouac below stones near the 
creek, raiding to the SW more than 55 m in a complex of branches from a long base 
column. In a large cluster under one of the rocks, thousands of newly eclosed callow 
workers were clustered with adults. After dusk on July 21 there was a large raid to 
the W and across the creek. After 8:15 p.m. a heavy exodus developed on the base 
route, while raiding continued on peripheral branches to N and W. Newly eclosed 
callow workers thronged the base column, and many hundreds of larvae (potential 
males) were transported. Until 11:15 p.m. the emigration column ended at 35m.where 
it entered a hole on the creek bank from which raiding columns diverged. Thereafter 
the wide column continued 30 m. farther to the VW on one of the branch trails to a 
preempted ant nest in the ground, the new bivouac. The queen, fully contracted, 
reached the new site with her retinue shortly before 3:00 a.m.; the emigration was 
completed shortly after 5:15 a.m. On July 22 after dusk the ants developed a raid 
to the W, with an exodus on the main line after 9:30 p.m. which at 25 m. stopped 
beneath a stone on the creek bank. After 12:30 p.m. the wide column continued 
across the dry creek bed under cover of leaves, and entered a hole on the opposite 
bank; soon reappeared, then disappeared beneath a large mass of brush. On the 
night of July 23, a thinner column followed the same line, completing the emigration 
although interrupted by rain. Within 30 min. after the heavy rain and rush of water 
down the creek, the ants had re-established their trail across the (now muddy) creek 


bed. The colony could not be traced through the thick grass of a boggy field which 
lay beyond. 


—This colony, evidently beginning a new nomadic phase, was judged to 
resemble the preceding case as concerned behavior and brood condition. 


Laboratory=A colony, Neiv. nigrescens. 


From July 12, raids of nigrescens were observed nightly around the laboratory, 
extending in varions directions from the rock fill. On July 22 after 9:15 p. m. a heavy 
emigration column crowded by newly eclosed workers passed to the SE from the labo- 
ratory to enter a mound 22 m. from the wall. Later in the movement, a young 
(potential worker) brood of embryos and microlarvae was carried in packets. On this 
and the following two nights the colony staged vigorous raids divergently from this 
site. However no further emigrations occurred until the night of July 25, when an 
extensive raid towards the NW, back into the laboratory rock-fill, was followed after 
10:00 p.m. by an exodus in which callow workers (perceptibly darkened) as well as 


microlarval brood were observed, and the queen (contracted) entered the new bivouac 
at 12:15 p.m. 


—After a succession of days terminating a statary phase observed at 
the laboratory, the colony started a nomadic phase by emigrating with a 
callow worker brood and an early larval brood te a new site which was 
occupied for two days without emigration. On the fourth nomadic day, 
in late evening, a further emigration ensued. It is probable that this 


colony moved away unobserved and that a different colony (Lab-B, 
below) was observed in the following period. 
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: Laboratory-B colony, Neiv. nigrescens. 


No raid was observed at the laboratory on the night of July 26; however, on July 27 
columns were seen issuing from beneath the concrete steps on the WV side of the building. 
On the following afternoon, which was overcast, after 2:00 p-m. a foray pushed from 
the concrete steps on the W side of the laboratory and branched into the clover field, 
advancing more than 30 m. by 5:00 p.m. Thereafter, on alternate nights, small raids 
or no raids were observed, until on August 2, which was overcast, a foray to the VW 
developed after 1:45 p.m. (fig. 4) and lasted until after 4:00 a.m. the following morning, 
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x 10m 
X 
Fic. 4. — One of two trail systems of a colony of Nev. nigrescens in the nomadic phase. Left, 


the trails set up at 9.30 p.m. after four hours of raiding, in which branch a is the older component 
(a, now in disuse), b the newer. Right, the same system at 11.30 p.m. with component a now 
mainly abandoned, 4 now followed by a single column branching profusely in a peripheral zone 
thickly covered by grass (upper area). xz, exit from bivouac site in stone wall. 


when a thin column still returned with booty. Only small nocturnal raids were 
observed until August 6, when on an overcast afternoon a foray pushed out to the W 
from asmall hole in the VW steps used as exit in the three preceding night raids. Then 
at 3:30 p.m. a thick column was seen, crowded with newly eclosed callow workers, 
moving 10 m. over the rocks of the laboratory fill to disappear in its border zone. 
_ Although the heavy movement stopped at 10:30 p.m., the ants continued to raid 
during the night on branches probing into the rocks to the S of the stopping place. 
The young brood, doubtlessin packets, must have been moved during a period when the 
observers wereengagedelsewhere. Onthenightsof August 7 and 8, furtherraids occurred 
from the same site, extending base lines considerably into the open field to SW and W, 
_-but without an emigration. On the overcast afternoon of August 9 foraging columns 
extended into heavy grass; then after dusk an emigration began which carried the 
colony 45 m. to the W into a pile of rocks. On the night of August 10 one of three 
raiding forays led to the WV into insect holes beneath some stones at 35 m. but no 
emigration was observed. This line was again in use on the following night, when a 
vigorous exodus developed to the stones and beyond, in which callow workers were 
- numerous and the first sample of the current young brood was collected. The queen, 
contracted, passed after 12:00 p.m. Although for some time the ants carried their 
brood into an insect hole at 43 m., a resurgence developed, and by dawn most of the 
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colony had settled under stones at 35 m. Shortly after dusk on August 12, a strong 
exodus with brood carried the main part of the colony into the insect hole at 43 m., 
from which extensive raiding had developed from early evening to the NW and SW. 
The afternoon of August 13 was overcast following rain, and after 3:00 p.m. a foray 
developed to the NW ona previous trail across the open field, taking on much greater 
vigor at dusk. On this line a heavy emigration column developed after 7:00 p.m., 
with larval brood soon under transport and the queen (contracted) passing from the 
old bivouac site at 8:00 p.m. Although rain interrupted the movement at intervals 
between midnight and 2:00 a.m., the entire colony had transferred before dawn to a 
preempted ant nest in midfield (field site z). The afternoon of August 14 was 
overcast, and extensive raiding developed over a distance of nearly 40 m. to the V 
and E in the field. In the early evening booty was being returned on convergent 
routes to field site y, an abandoned Pogonomyrmez nest 25 m. to the F of site x; then 
after 8:00 p.m. an emigration developed on the base trail from site x toy. On August 15, 
overcast throughout, moderate raiding continued after 10:00 a.m. on lines to the & 
and NV from y, mainly into ant nests in a grassy part of the field; much more vigorously 
after dusk. After 9:00 p.m., a variable exodus developed from y, and under stress of 
returning traffic resolved itself within an hour into a short transferral of the entire 
colony over an arcing course of only 2.5 m. to field site z, also an abandoned Pogono- 
myrmex nest. Throughout the night a booty-laden column continued its return to z 
from the VW. The afternoon of August 16 was overcast and, between rain flurries, 
traffic from z was observed. By 5:20 p.m. a vigorous column extended 25 m. to the 
N to astone wall bordering the creek, with much booty carried back to z. At 9:30 p.m. 
a booty-carrying column had reached the wall from z; however, this column was reversed 
to z within an hour, no further exodus was seen and booty-carriers returned to z 
throughout the night. August 17 was overcast, and all day the ants were active 
bidirectionally on the trails fom z, with a great increase after dusk. Evidently because 
of interruptions from rain, it was only after 12:10 p.m. that an emigration developed 
from site z, passing to the JV into the stone wall. This movements, with larvae carried, 
continued until dawn, as did the return of laden foragers to the new site in the wall. 
On August 18, in the afternoon, extensive foraging was observed from the wall site 
into the well-shaded creek bed. By 7:30 p.m. a wide brood-carrying emigration column 
passed from field site z to thestone wall, with three large brood caches en route. 
After 12:00 p.m. this emigration column went on from the wall across the creek, with 
the booty-laden column now continuing on a previous raiding line across the lawn 
beyond to a new site (N—14), deep below leaves at the edge of a great rock near the 
road, more than 75 m. to the VV of site z. This move had been completed by the entire 
colony before dawn. Although raiding developed promptly at dusk on August 19, it 
was not until after 9:00 p.m. that a brood-carrying exodus developed toward the SE. 
With many interruptions, particularly at advance trail-division points, this exodus 
finally traced a meandering course along the wall and across the lawn over a distance 
of about 40 m., taking the colony into a stone parapet’ (site N-15). The emigration 
continued until after 3:30 a.m., as did the return of laden foragers from the E and N 
to site N-15. On August 20, with overcast skies at 2:00 p.m. after a rain, a small foray 
was seen from site N-15 and from dusk extensive columns developed to the VE, soon 
mounting the bank to the road and dividing variously on the road and on the other side. 
Fortunately no automobile traffic disrupted these events, and by 8:30 p.m. the larva- 
carrying exodus had established a route across the road and up the steep rock face on 
the opposite side. At 10:00 p.m. the queen (contracted) appeared and was captured 
for fixation. The emigration was soon re-established, now terminating at a site (N-16) 
about 35 m. to the NE, under a great rock atop the hill. Because of the queen’s 
capture, this colony thereafter was considered abnormal. However,due toanimportant 
relationship to Thicket colony that developed, a summary of subsequent events follows. 

On August 21, in the evening, there was raiding to the NW and N from site N-16, 
but no emigration occurred. In the evening of August 22 complex movements 
developed, including extensive back-tracking across the road to site N-15; later, after 
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3:00 a.m., a movement with brood branched from the back-tracking route to a new 
site (N-18) 25 m.to the W of N-16. With trail-following again complicated on the 
evening of August 23, a resumption of the exodus with brood after 2:00 a.m. led 
beyond site N-18 to a new site (N-19) underanoldstump. These movements continued 
on the evening of August 24, with raiding from sites N-16 and N-19, and an abortive 
back-tracking with brood to site N-15. Back-tracking was also observed from site 
N-15 to the W through site N-14 and to the S toward the creek, where a fusion with 
the Thicket colony (now also queenless) evidently was in progress. Throughout 
the night of August 25 these movements continued, with an extensive raid to the V 
from the stump, site N-19, where most of the colony was still located. During the 
night of August 26 there was a continued back-tracking shift toward the S, and a 
fusion with the Thicket colony. Although raiding continued from the stump on the 
hill (site N-19), after 12:30 p.m. there was an emigration with brood (now entering 
the prepupal stage) from the N-19 site to site N-18, and to some extent from the rock 
to site N-15 across the road. Throughout the night of August 27, as also on the night 
of August 28, these movements went on variably. The shift to the S kept going 
throughout the night of August 29, with a drift through site N-14 back toward the 
creek and continued fusion with the Thicket colony. After the night of August 26 there 
was no extensive shifting of brood (apparently still centered at sites N-19 and N-18) 
until the night of August 30, when a broad exodus column passed from site N-19 
across the road to site N-15, carrying pupal brood as well as booty. On the following 
nights there were complex shiftings on the trails, with a drift into site N-15 and further 
junction with Thicket colony. On the night of September 3, all trails between N-13 
and N-19 had thin variable traffic, but no brood was transported. After September 5, 
columns were seen nightly, emerging from beneath the Lodge (70 m. to the W of N-15). 
The fused Laboratory-Thicket colonies may have settled there before September 10, 
when nocturnal activities ceased in this area except for brief and limited forays in the 
early night. 


—Periods A and B of the laboratory observations probably involved 
different colonies, but period B concerned only one colony. This colony 
at first completed a statary phase at the laboratory, with limited raiding, 
then entered a nomadic phase in which extensive nightly raiding was 
common and nocturnal emigrations were almost the rule. The nomadic 
phase began with the eclosion of a large brood of mature worker pupae, 
and as it continued a new brood of potential workers advanced from the 
microlarval stage toward the prepupal stage. The capture of the colony 
queen on the 16th day of this nomadic phase seemed to disrupt normal 
colony function. Instead of the three or four emigrations which might 
otherwise have occurred thereafter, prior to the attainment of early 
pupation in the brood, there ensued a variable backtracking and a more 
or Jess complete fusion with the Thicket colony. 


Creek colony, Neiv. nigrescens. 


At 10:30 p.m. on August 6 this colony was found engaged in a large raid and an 
emigration of more than 50 m. to the NV from the South creek (see fig. 5). Raiding was 
interrupted and the emigration was delayed beyond a major trail division near the 
meadow by persistent major conflicts with three large colonies of Iridomyrmex sp. 
nesting there (points 2a, b, and ¢, fig. 5). By 12:00 p.m. most of a large recently-eclosed 
brood of callow workers had run the course from the old bivouac (x) to a cache beneath 
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a large rock at 2, and most of a brood of young worker larvae had been shifted to 
caches on the trail near 2. At 3:30 a.m. traffic was still variable around and beyond 
trail division 2, with indications that the emigration was continuing by degrees to 
site 2, Later in the night, most of the colony moved with the broods to nest within 
a large wooden beam lying in the meadow (site N-6) about 64 m. from site x. At 
8:15 p.m. on August 6 the emigration was completed by transportation to site N-6 of 
booty cached near the trail-division at 2, from which raiding continued during the 
early night. Also, from shortly after dusk a large raid had progressed from «, to the 
-§W across the field, with several major branches. In the early hours a large booty 
cache developed under a stone close to that under which the Meadow colony was 


20 m. 


Fic. 5. — Sketch of two principal raiding systems (A, B) and the emigration route (x to 2,) of a 
colony of Neie. nigrescens (Creek, August 6) in the early nomadic phase. Explanation in text. 
x, bivouac of the day, under stone on creek bank, being abandoned as colony emigrates to 2, 
new bivouac within a large wooden beam. 


bivouacked on July 14-15, and a 15-m. section of former Meadow Trail to this site 
was inuse. At 11:20 p.m. a booty-laden emigration column had developed from a, to 
this point, 35 m. distant. Continued emigration beyond this cache was delayed 
by interference from traffic returning on several raiding lines converging here; however, 
after 12:15 p.m. the exodus pushed on to the W to the new site (N-7), a preempted ant 
nest under a stone on the creek bank, 63 m. from site N-6. A raid developed on the 
following evening on short lines to the E, W, and NV, and booty-laden traffic returned 
to site N-6 until after 4:00 a.m., but no emigration occurred. The afternoon of August 9 
was overcast, and raiding expanded beneath the leaves, reaching out more than 10 m. 
by dusk. Beginning shortly after nightfall, an emigration developed by stages through 
a complexly branched raiding system with numerous caches of brood and booty, to 
site N-9 about 46 m. to the SW of N-7. On two lines extending beyond N-7 to W and 
S, booty-laden traffic returned until after 5:15 a.m. The principal raid on the evening 
of August 10 extended to the W, and despite interruptions by rain an exodus carrying 
booty and brood had pushed farther along this line on the creek bank, nearing a 
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booty cache under a stone at 31 m. where the new bivouac (N-8) was established. 
To this site thin booty-laden columns returned until shortly after dawn. The afternoon 
of August 11 was overcast, and at 3:00 p.m. the ants were raiding to the W on several 
branching lines. Vigorous foraging in the evening initiated an exodus which by 
10:00 p.m. had pushed out more than 40 m. along the creek bank, then bent sharply 
up to the NW on a branch trail where a brood cache was being established under a 
large rock. By 3:30 a.m. the exodus had pushed 15 m. farther uphill to the road-fill, 
on a peripheral trail in use at 10:15 p.m., to site N-9 at 47 m. from N-8. With low 
temperatures prevalent after dusk on August 12, the raid on complexly branched 
lines among the rocks near N-9 was almost entirely under surface cover, and no emigra- 
tion took place. A continuation of raiding on some of the same base-lines after dusk 
on August 13 led into an emigration to the SW which ran beneath rocks through nearly 
the entire course of 51m. The new bivouac site (N-10) covered more than 4 sq. m. 
in insect nests below adjoining rocks. Although this general area, a high creek bank, 
was rock-covered, vigorous raiding developed only after dusk, with few indications of 
daytime raiding. In the evening emigration of August 14, a distance of only 8 m. 
was covered (to site N-11) in several stages of brood-shifting from one to the next 
of three caches beneath large rocks, with signs of extensive feeding of larvae. Just 
before 10:00 p.m. there was a lasting reversal of the exodus by rain. The evening 
emigration of August 15 carried over a distance of 30 m. to site N-12, again with a 
relaying of larval brood through two or more intermediate cache points at which 
brood-feeding occurred. After dusk on August 16 there were indications of raiding 
among the rocks on numerous relatively short divergent lines, with much shifting 
of brood under rocks around the bivouac site; but without any emigration. The 
afternoon of August 17 was overcast, and short raiding columns from the bivouac 
were observed. Raiding became much heavier after dusk with much booty returned 
during the night. A heavy exodus to the E began about 2:00 a.m., but was soon 
reversed and there was no emigration. On the evening of August 18 a brood-carrying 
column was observed working its way to the £ and NE through the raiding zone, 
ending at 11:10 p.m. in a large brood cache beneath rocks at 45 m. Still moving at 
4:00 a.m., this column then led under a large rock (site N-15) 3 m. farther on, to which 
laden foragers returned in two converging lines. Raiding after dusk on August 19 
continued the development of one of these lines uphill at angles to the NV through the 
rocks, and an emigration which developed on this line after 9:00 p.m. followed almost 
the exact route taken by this colony in its downhill course on August 13. The move- 
ment carried over a distance of 58 m. to site N-16, close to the site occupied on August 
11-13. Next afternoon, digging disclosed that the colony had its nearly mature 
larval worker brood packed into the many chambers of an abandoned ant 
nest, to a depth of more than 50cm. below a large rock. The disturbance may 
have stimulated an earlier exodus that evening, leading across Rustler’s Road 
into a raiding zone on the opposite bank. At 4:00 a.m. the emigration ended there 
with the new bivouac (site N-17) established beneath some large rocks. The night 
of August 21 found the colony raiding until after 4:15 a.m. on numerous short lines 
beneath many rocks near the bivouac, and some shifting of brood was observed 
(probably with brood-feeding), but no emigration took place. Development of the 
NE raiding system continued from dusk on August 22, and after 10:15 p.m. an emi- 
gration developing on the principal trail in this direction carried nearly 40 meters 
- uphill to the exposed entrance of an ant nest on the rocky slope. This emigration 
continued after nightfall on August 23 and was completed shortly before 1:30 a.m., 
with the transport of the remainder of the brood, now mainly or entirely in the early 
pupal condition. . 
The colony remained at this site until Sept. 4, with no raids observed on the nights 
of August 24 and 25, and September 1, and relatively small raids on the other nights. 
The successive forays all developed rather slowly and variably, emerging from 
different insect holes within a radius of 4-5 m. A small raid to the # on the night of 
September 4, extending a route used on the preceding night, changed at some time 
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after 11:00 p.m. into a heavy emigration across the bare hillside into an insect hole 
under leaves at a distance of 23 meters. A large brood of only faintly pigmented 
worker pupae was carried in the column, but no young brood was seen despite a close 
watch. The queen, followed by a large retinue of workers, appeared in the column 
shortly after 1:00 a.m. Nearly maximally contracted, she was collected at once for 
fixation. (This unforseen event displaced a plan to dig into the bivouac on Sep- 
tember 7 to capture the queen and inspect the brood.) The colony remained at the 
new site, with weak nocturnal raids, until it was last visited on the night of Sep- 
tember 12. 


—When this colony was first seen, it was then at about the 5th day of 
a nomadic phase, judging from the pigmentation of the callow-worker 
brood and the size range of the larval = worker brood. Nocturnal raiding 
persisted at a fairly high level, with emigrations ensuing on most of the 
nights, as the young brood passed through its larval stage of development. 
When most or all of the brood had reached the early pupal stage, the 
colony entered a statary phase of low raiding activity and without emi- 
gration except for the movement which occurred on the night of Sep- 
tember 4. The colony otherwise evidenced a low excitement level in the 
entire period following August 23, and this movement may have been 
due to an exceptional disturbance (see Note 4). It is probable that 
raiding would have increased considerably in vigor and the colony would 
have emigrated soon after September 12, or when the pupal brood had 
matured fully. The non-physogastric condition of the queen, together 
with the absence of eggs, indicated a failure to deliver a new brood at the 
predicted time midway in the statary phase. 


Bridge colony, Neiv. nigrescens. 


This colony was first observed at 11:40 p.m. on the night of August 9, engaged in 
a large raid and in an extensive emigration to the £ in the lower dry creek bed. A 
potential all-worker larval brood was carried in the column, or heaped with booty in 
one of numerous large caches. At 12:50 p.m. the emigration column, moving through 
the advanced zone of raiding, led to a log in a boggy area. At 1:00 a.m. a large cluster 
was visible in a 7 cm. high space beneath this log, into which the emigration column 
emptied; however, the emigration later continued 12 m. to the cement pier of an old 
footbridge within which the colony settled. On the following three nights there 
were moderately developed raids, but no emigrations. The raid of August 12 was 
completed before 3:00 a.m. Next evening, in the course of a larger raid, a heavy 
brood-carrying emigration column moved to the S across an open grassy area. At 
8:00 p.m. the first brood-carriers had reached a point 25 m. from the old bivouac, and 
at 9:00 p.m. the colony was settling beneath a pile of logs. With one lengthy interrup- 
tion by rain, the emigration continued until after 5:00 a.m.; then to the VE raiding 
had ceased, but ants were still returning from the SE. August 14 was somewhat 
overcast, and at 10:30 a.m. thin columns extended to the SE from the bivouac. A 
large raid developed that evening to the SW, and at 8:30 p.m. a vigorous emigration 
column extended 45 m. to where the ants were entering an insect hole beneath a stone. 
Several short raiding branches with terminal swarms extended from this point under 
the dry leaves. On the following night, after raiding began, emigration occurred 
similarly, arcing SE to a trail division and brood cache at 25 m., and by 1:30 a.m. 
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extending to a point on the stony hillside at 35 m. where a large cluster and brood cache 
~ had formed underarock. At 4:30 a.m. the emigration extended to a rock 3m. beyond 
the previous point, with brood being deposited in a large booty cache there. On both 
of these nights, nearly the entire emigration passed beneath leaves and other ground 
cover. Extensive brood shifting beneath the rocks occurred on the next afternoon. 
This action continued in the evening, and around 10:00 p.m. an emigration started 
to the VE on the most vigorous line of raiding, running along the contour into a cavity 
belowastump. The raid of August 17 was a large one, and by 11:30 p.m. an emigration 
column had developed through the E trail system uphill and along the sharp crest. 
By 2:00 a.m. the larva-carriers had reached a point in the upper meadow at which 
an insect hole was entered, as raiding continued beyond. With several brood caches 
forming, the emigration continued until nearly 6:00 a.m., when it led on to a site 
beneath a rock at 35 m. On the afternoon of August 18, with overcast skies, a thin 
emigration column continued on this route. At 10:00 p.m. this emigration was 
vigorous, and on the larger of two raiding systems from the new site, a brood-carrying 
emigration column passed on 40 m. to the VE to a similar bivouac site on the stony 
plateau. At 3:30 a.m. the resumed emigration from the site of August 17 had ended, 
but the advance exodus ended beneath a stone at a tree 3 m. from its former terminus. 
At 10:00 p.m. on August 19 the pattern of the previous evening was approximated, 
with both continued emigration from the old site and an advance emigration to the 
E through the principal raiding system to a new site beneath some rocks in a little 
draw. At 3:45 a.m. this emigration continued, but all raiding had ceased. On August 
20, although a vigorous raid developed in two directions after dusk, emigration was 
limited to a shifting of brood over a surface distance of only 3 m. This movement 
continued at 3:45 a.m. after all raiding apparently had ended. There was no emigra- 
tion on the night of August 22, although forays developed on short lines in various 
directions. All ants had returned by 3:45 a.m. The principal raid of August 23 
evening was to the Z, and after 8:00 p.m. an emigration developed through this system, 
over an arcing, irregular course. At 3:45 a.m. this movement continued to the new 
bivouac site, an insect nest under stones at 76 m., with a heavy return to this place on 
two advance raiding lines. At 8:05 p.m. on the following night a continuation of this 
emigration was in progress, with one very large brood cache under a stone 15 m. from 
the bivouac of August 23. This movement was completed by 1:15 a.m. without any 
further advance beyond the site occupied by a part of the colony on the preceding 
night. At the time of this final transfer, the brood had entered the early pupal stage. 
The colony remained at this site during the following 18 days, in which only relatively 
small raids developed on most of the nights, but without forays on the nights of 
August 31 and September 8. The successive raids led off in different directions from 
different exit holes scattered within a radius of 3 meters. The forays of September 9 
and 10 seemed to be more vigorous and extensive than any others of this period. 
The first evening foray of September 11 was a moderate one to the W, the second 
was a stronger outburst arcing to the WW, and on the line of the latter a vigorous 
emigration developed after 8:00 p.m. The column was thronged with callow workers, 
all at first running independently, but after 8:30 p.m. with a minority of them inert 
and transported. The queen (fully contracted) appeared at 10:20 p.m. followed by 
a long retinue, and was collected for fixation. The thick column including callows 
stopped shortly after 12:00 p.m., when the temperature 5 cm above the ground was 
8.7°C and within the surface soil 14.5°C. The emigration was completed on the 
“following evening. In the entire movement, no brood was found except that of mature 


pupal workers. 


—Judging from the condition of the brood, this colony when first 
discovered had reached the seventh or eighth day of a new nomadic 
phase. This phase continued with the further maturation of a larval 
worker brood and ended when this brood attained the early pupal stage. 
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The colony then entered a statary phase, with only small raids and no 
emigrations until the current brood reached pupal maturity. In the 
emigration coincident with that change in colony condition, no young 
brood was found. 


Thicket colony, Neiv. nigrescens. 


On the nights of August 17, 18 and 19 columns seen raiding in the upper creek area 
were differentiated from those of the Laboratory-B colony and were traced to the SE 
cement post of the footbridge. The evening raid of August 22, which was much more 
extensive than before, originated from the SW post of the bridge, and expanded mainly 
across the field recently vacated by the Laboratory-B colony. By 9:25 p.m. a broad 
exodus developed on this line in which a mature pupal worker brood appeared, most 
of it inert and transported by adult workers. For several hours this column discharged 
into a small hole, the entrance to a preempted ant nest, near a trail division point 
38 m. out in the open field. The queen, fully contracted, appeared at 10:50 p.m. and 
was collected for fixation. After 12:00 p.m. small packets of new brood began to 
appear in the column, and continued although sparsely until the end after 1:00 a.m. 
Despite a continuous watch, only about 2,500 pieces of such brood were taken, very 
small in numbers for the species. After 7:15 p.m. the following evening the exodus 
continued on the same line, with callows numerous, now most of them running 
independently. No young brood was seen in this movement, which after 3 hours was 
replaced by a thin, variable line between the bridge and field nest, thereafter a con- 
tinuous feature at night. This and further behavior was considered abnormal. 

Back-tracking continued on the following three nights, when moderate raids 
developed from the field nest to the W and S particularly, but without emigration. 
After 9:00 p.m. on the night of August 27 the column thickened to an exodus from 
the field nest to the SE bridge pier. This column, crowded with callow workers, first 
entered the pier, then continued across the creek bed on an old“raiding trail of this 
colony which crossed various known trails of the Laboratory-B colony. (A close watch 
was kept for young brood, but less than 250 microlarvae were taken.) Through this 
complex of trails, ants from the Thicket colony reached and entered the same small 
hole in the cement wall used by the Laboratory-B colony (N-15)"one week before, at 
a site now occupied by part of that colony. A fusion of these two queenless colonies, 
evidently in prospect, was indicated on the following nights by the presence of 
occasional callow workers (which could only have come from the Thicket colony) in 
the lines on the hill to the NW of the road, between sites N-16 and N-48 of the 
Laboratory-B colony. A widespread following of these and related trails by the 
continuous columns of these colonies, undergoing fusion, was observed on the following 
nights until September 12. 


—This colony was found during the last week of a statary phase, and 
its queen was captured on the first emigration of the succeeding nomadic 
phase, when a large eclosing worker brood was present. There was also 
a new brood, but its numbers seemed unusually sparse for the species. 
There was no further emigration until three nights thereafter, when an 
extensive movement on the back-trail carried this colony into fusion with 
the Laboratory-B colony, also queenless. 
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Rock colony, Neiv. nigrescens. 


When found on the night of August 26, this colony was engaged in a vigorous raid 
of two trail systems mainly fo the W, and bivouacked under a large rock in a grove 
about 400 m. to the # from the current site of the Creek colony. No emigration 
occurred, despite lengthy eruptions at two different times. At 6:00 a.m. next morning, 
thick columns were still returning to the bivouac with booty, including adults and 
pupae of Formica spp. in particular. In the course of a large raid on the following 
night, mainly on two systems to the SW and WE, an emigration developed after 
11:00 p.m. in which a large brood of early pupal workers was transported. The 
movement progressed by stages through two or more caches under rocks, into a 
preempted nest of fungus-growing ants under the rocks at 14 m. The raid of the 
following evening, although at first heavy, fell off sharply after 10:00 p.m. and no 
emigration occurred. ; 

The colony remained at this site (fig. 2) with relatively small divergent raids on some 
of the nights (and no raid on August 31), until it was excavated on September 4. Its 
nest, about 1 m. broad and nearly as deep, occupied most of the galleries and chambers 
of the dispossessed myrmecine colony, the remnants of which huddled in peripheral 
chambers. Below a surface layer of dry soil about 12 cm. deep, the dorylines were 
clustered thickly with their pupal worker brood in several dozen chambers distributed 
through a thick root mass in light, humid soil to a depth of about 95 cm. The queen, 
nearly maximally contracted, was found near one side about 30 cm. down. A 
thoroughgoing search of the entire nest disclosed no eggs or other young brood. When 
last seen on the night of September 11 the colony was still clustered with its pupal 
brood under stones at the bottom and one side of the excavation, and had a thin single 
column over the parapet to the £. 


—This colony when found was completing a nomadic phase, with an 
all-worker brood at the early pupal stage of development. After one week 
in the statary condition, its nest was excavated so that the queen could 
be captured and the brood thoroughly inspected. As no brood other than 
the one then in the mid-pupal stage was found, and as the queen was 
non-physogastric, although the colony would have emigrated from this 
site on the eclosion of the advanced brood, a continuation of nomadic 
function would have been doubtful. 


Stone colony, Neiv. nigrescens. 


When discovered on the night of August 30, this colony was raiding on a long, 
branching trail-system extending more than 30 m. to the # from its bivouac in an old 
foundation near the upper spring. Next night there was a relatively light raid to the 
NW, and on the night of September 1 a somewhat heavier raid to the W. On 
September 2, at 8:15 p.m., a full emigration column meandered through leaves and 
stones 35 m. to the W on the principal trail of the previous evening’s raid. In this 
column, for several hours, light-colored callow workers predominated, with a relatively 
small proportion of mature worker pupae carried by workers. Despite a continuous 
inspection of the column, there was no sign of young brood. The queen (contracted) 
was permitted to pass in this movement, but was taken for fixation when she passed at 
9:05 p.m. in the next emigration, on September 9. Raiding on the evenings of Sep- 
tember 3 and 4, although rather heavy, was relatively limited both in distance and 
in duration. At one point in the latter raid, a mass 1 m. wide operating in vines 
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and brush spread upward over the trunk of a large juniper tree for a distance of nearly 
2m. Back-tracking began after 8:00 p.m. on September 6, and somewhat later a wide 
emigration column thronged with callow workers surged back for 20 m. toward the 
first nomadic bivouac. During the following three days the colony remained in the 
vicinity, with a short emigration on the night of September 8, first back-tracking, 
then reversed toward the site of September 5. At 9:00 p.m. on September 9 a mixed 
column was seen back-tracking from the first nomadic bivouac; however, on the 
following nights the ants could not be found in the vicinity. 


—This colony was observed during the last 3 days of a statary phase, 
also in the first four days of a nomadic phase which ensued on the eclosion 
of a large pupal worker brood. The case resembled the Rock, Creek and 
Bridge colonies in that no young brood was found at the time. The failure 
of emigration on the second, and third nights of the nomadic phase was not 
unusual under the conditions; however, back-tracking and difficulty in 
resettling observed on the following nights, as with the Meadow colony, 
was attributed to the removal of the queen. 


Lodge colony, Neiv. opacithorax. 


On the night of July 12, when this colony was found at the Lodge, at 3:00 a.m. a 
heavy column emerged from a short flight of stone steps and moved along the base 
of astone wall for 3 m. in the open and then into the wall, transporting a larval (sexual- 
form) brood. This movement continued past 5:00 a.m. After 8:00 p.m. on July 13, 
a bidirectional column was first seen, then a thicker column 8-10 mm. wide transporting 
brood as on the previous night. This column was traced 15 m. to the NV, reappearing 
three times from the stone wall before it disappeared into thick grass. Traffic thinned 
out after 11:00 p.m. 


—This colony was nomadic, with a large brood of sexual-form larvae. 


Spring colony, Neiv. opacithorax. 


On August 8 at 11:00 p.m. this colony had a complex raid on trails branching to 
the SW in the field beyond the upper spring, and a long meandering emigration column 
extending 40 m. to the VE where a large cache of brood and booty was found beneath 
a stone on the creek bank. Thousands of potential worker larvae (range 0.58-3.6 mm.) 
were transported in the column. 


—This colony was nomadic, in a highly vigorous condition of activity 
with a potential worker brood well advanced toward larval maturity. 


RAIDING 


In the locality of this investigation, the raiding columns of Neip. 
nigrescens usually and of opacithorax always issued at dusk and foraging 
continued during the night, often to dawn. In the former species there 
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were relatively few exceptions save on overcast days, when raiding 
sometimes occurred but then very subdued in comparison with nocturnal 
forays. At rare intervals in this species, usually when a colony was 
highly excited as in the presence of a newly eclosed worker brood, raiding 
might occur in full sunlight. This generalization holds for the area of 
study, in which a mixed cover seldom held light at ground level to a low 
intensity except on overcast days. In contrast, in the forests of Central 
America, Mexico, and Trinidad I have frequently observed vigorous 
daytime raiding in Neivamyrmex species such as pilosus, and at times over 
a considerable area. 

Two principal conditions of raiding may be distinguished, that of a 
colony in the nomadic condition and that of a colony in the statary condi- 
tion. Nomadic raids tend to begin earlier, usually as dusk approaches, 
involve much greater numbers and more branching columns generally 
with larger terminal groups, and are usually characterized by an emigra- 
tion over one of the principal raiding trails. Raiders from a nomadic 
colony tend to be much more excitable than in a statary colony so that 
outbursts generally are stronger and more lasting. The evening exodus 
from a statary colony typically holds its peak only for a few minutes, 
after which the basal column is thin until the laden return begins. In 
contrast to the reduced level of statary colonies, the output of a nomadic 
colony may remain at peak for two hours or more, and in the periphery 
greater numbers usually are brought to bear more quickly upon any exci- 
tation center at which new booty is found or stiff resistance is met. In 
the latter, persistent excitement is greater on trails both in the raiding 
front and in the rear than in the former. Raiders from a nomadic colony 
generally take a larger proportion of adult insects such as ant workers 
and sexual forms, beetles and the like, than those from a statary colony, 
of which the booty tends to be the soft-bodied brood mainly of ants. 

In the less frequent instance when a colony of Neiv. nigrescens has 
settled at or beyond the limit of its previous raiding zone and new, 
unworked territory confronts it, a characteristic pattern of initiating a 
foray is observed. Ants then crowd out in several directions, and as 
this mass advances it splits variously and is succeeded on the same terrain 
by a network of columns and finally by branching columns (fig. 3, 4 
and 5). Orientation is chemotactual, and, as the zone of raiding 1s 
extended, anastomosing columns remain of which the strongest radi 
continue to follow chemical traces behind the advance. In figure 4 one 
trail system of a nomadic colony is represented as observed about four 
hours after raiding began at dusk. Dotted lines in the periphery of system 
a indicate trails abandoned as heavier booty found elsewhere drained 
ants from the area first exploited. In the sequel, sketched 90 minutes 
later, and after a rain, system b is now abandoned but a has entered a 
zone thickly covered with grass, where the raid advances with a profuse 
branching of columns. 

The raid of a colony of these Neivamyrmex species thus advances in 
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three stages: 1) spreading groups in the forefront, succeeded by 2) areas of 
dividing, anastomosing columns and finally 3) a single long base column 
with terminal branches. The advance groups may be anywhere from 
a few centimeters to a meter or more in width, their survival as masses 
in given terrain depending particularly upon the intensity of raiding and 
the local booty supply. Usually, as the sketches shown in figures 3, 4, 
and 5 indicate, secondary branches disappear from use in the course of 
time and only the base trails remain in use. The pattern of nomadic 
raiding systems varies according to the topography and the distribution 
of booty. Two large branching-trail systems, each with its principal or 
base trail leading from the bivouac, may remain in use for hours, one of 
these may disappear and a new one develop, or one alone may persist. 
The advance from the bivouac may be slow or rapid according to condi- 
tions, and after some hours may extend only 30 or 40 meters with numerous 
long branches or more than 60 meters with fewer branches in use. 

Similarly, although on a smaller scale, the raids of Net. opacithorax 
involve one or more systems of columns on branching chemical trails. 

Storage heaps or caches of booty usually develop at trail branches in the 
zones of more productive raiding. In these the booty may be left for 
hours, heaped under cover, before it is removed to the rear or forward 
depending on how the emigration develops. In the raid of the Creek 
colony on the night of August 6, represented in figure 5, an early cache 
under a small stone at junction 7 was removed and smaller ones at 2a, b, 
and ¢ disappeared before 11:30 p.m. as the emigration moved forward, 
but a large one at junction 2 remained throughout most of the night.— 
When in the route of emigration, booty caches may also become temporary 
depots where larvae are deposited and consequently where extensive 
feeding can occur. 

Under the conditions of this investigation, the regular, extensive raids 
of this species occur at night, and raiding columns were not seen on the 
surface in the daytime except on overcast days. When a colony isin a 
highly excited condition, as at the beginning or near the end of a nomadic 
phase, subterranean raiding may occur to an appreciable extent in the 
daytime, although as a rule only relatively close to the bivouac when 
subterranean channels are available. It is unlikely that these ants usually 
get out very far from the bivouac except at night, and then only on the 
surface or under ground cover such as leaves and stones. At times large 
sections of a raid or even an entire raid may be active beneath surface 
cover. The columns tend to run along beneath objects such as fallen 
limbs rather than on the upper surface, as is common with the columns 
of Neiv. pilosus and others in tropical forest. As an exception, when the 
Bridge colony was raiding in a boggy area on the nights of August 10, 114 
and 12, its columns often followed the tops of logs and fallen limbs; 
however, in a dry area on the following night, the columns ran below 
limbs and the raid largely developed under leaves and other ground cover. 
These ants seldom leave the ground in their raiding, and then as a rule 
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only when considerable numbers surge forward simultaneously in a limited 
space, as with the Stone colony on the night of September 4. 

Under statary conditions the raids are smaller and less vigorous than 
in nomadic colonies, and~on some nights raiding is brief or absent. The 
raids on successive nights then tend to be in different directions, although 
at times, after intervals of disuse, the same base route may be extended. 
The various routes taken by the Creek colony and by the Bridge colony 
during their statary phases were roughly axial from the bivouac center, 
although few forays of the former colony mounted the steep hillside, and 
none of the latter probed far into two sectors evidently deficient in booty. 


THE QUEEN OF NEIV. NIGRESCENS 


Morphological studies by Holliday (18) and Whelden (pers. comm.) 
on the queen of this species indicate that a large number of eggs may be 
matured at one time. In this study the number found in one distinct 
brood, that of the Meadow colony, was more than 37,000. Judging from 
the earliest brood ranges obtained (i.e., at the outset of the nomadic 
phase) a few days and probably not more than one week suffice for the 
actual laying operation. A short-term output of this magnitude would 
not have been suspected for the relatively diminutive queen of this species, 
whose total body length with contracted gaster is only 12-14 mm. Under 
the conditions of this investigation, the interval between broods was 
about 30-35 days. As in Eciton, a succession of all-worker broods is the 
rule, and sexual broods appear to be exceptional. 

The queen remains in the nest except for the time when she runs in the 
emigration column to a new bivouac site. This event, described by 
Reichensperger (21) for an emigration of Veiy. pilosus witnessed in Costa 
Rica, was observed many times in this investigation. The queen’s 
passage always occurred at night and in all cases she ran the full route 
under her own power, moving along steadily with a thickened column 
of highly excited workers pressing around and after her. Although the 
workers are strongly attracted to the queen and greatly excited when in 
her vicinity, they seldom run over her in the emigration to the extent that 
she is hidden from view, as is common in Eciton burchelli and frequent in 
hamatum. 

Seven queens of Neiv. nigrescens were captured and preserved in Bouin’s 
fixative for histological study by Dr. Whelden. With the exception of 
the Meadow queen, collected for evidence on the queen’s condition in 
relation to brood in the regular season, all of these queens were captured 
late in the project. With the Meadow queen two broods were found, 
one potential worker brood in the embryonic and microlarval stages, and 
one callow all-worker brood, mainly eclosed. Both of these broods may 
be attributed to the function of the one queen, and the spacing may be 
considered representative. Fom Dr. Whelden’s findings, this queen, 
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contracted maximally when taken, would have produced a further brood 
in due time. 

The remaining six queens were taken when the work was in its last 
stage, two (Thicket and Bridge) for additional evidence on the queen’s 
condition at the beginning of the nomadic phase, one for her condition 
early (Stone) and one late (Laboratory-B) in the nomadic phase, and two 
for her condition before (Rock) and after (Creek) the time hypothesized 
for regular egg-laying midway in the statary phase. 

In this queen series there were major departures from expectations. 
All of these queens were maximally contracted or nearly so at the time of 
capture. In strong contrast to the Meadow queen, of the two other 
queens taken at the outset of a nomadic phase only the Thicket queen had 
produced a new brood, and this was found abnormally low in numbers. 
But neither Bridge nor Stone, when the queens were captured early in 
September as a nomadic phase began, had any young brood so far as could 
be ascertained. As for queens in the statary phase, both the Rock and 
Creek queens were nearly maximally contracted when taken, and in 
neither colony were any eggs found, despite a careful search in the excava- 
tion of the Rock statary nest and a close watch on the sporadic emigration 
of Creek colony. From the presence of a maturing pupal all-worker 
brood, it may be inferred that in the preceding statary phase both of these 
queens had passed through physogastry (fig. 1) and egg-laying. 

From his histological studies of the last six queens, all taken after 
August 20, Dr. Whelden found no indication that any one of them was 
maturing a new brood. However, from the results on regular colony 
function and reproduction earlier in the season, the Rock queen should 
have been physogastric and laying or nearly ready to begin laying eggs, 
the Creek queen should have completed or nearly completed the laying 
of eggs, and the Thicket, Bridge, and Stone queens should each not only 
have laid the eggs of one brood within about two weeks previously, but 
also should have entered the early stages of producing a further generation. 
The results support the conclusion that although all of these seven queens 
had been normally reproductive at least up to times within a few weeks 
preceding their capture, a termination of reproduction had set in for every 
one of them, except the Meadow queen. For the Thicket queen, what 
would probably have been her last brood of the season evidently was 
curtailed. These and other considerations indicate that this period marked 
a termination of reproduction for the current year in these queens and 
their colonies. 

The workers of Neiv. nigrescens are strongly attracted to their queen. 
This is indicated by observations of behavior on the emigrations, of 
worker responses to queens temporarily housed in laboratory nests or to 
queens returned to their colonies after detention periods up to 24 hours, 
and (in the cases of the Meadow and Rock colonies) of clustering responses 
observed in the nests. A further fact indicates the major role played by 
the queen in the unified function of her colony. 
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This concerns the response of a colony to an absence of its queen 
exceeding about twelve hours. After the Thicket, Stone and Laboratory-B 
queens had been captured, in each case a definite back-tracking on earlier 
emigration trails was seen on the following night and two or more nights 
thereafter. Such behavior seems attributable to the effect of the queen’s 
protracted absence, as it was not otherwise observed in nomadic colonies 
of this species. Also, as indicated in the colony protocols, an abnormal 
pattern of behavior appeared in the Meadow colony, and in the Stone and 
Laboratory-B colonies as well, in the form of a difficulty to establish nest 
sites in the course of back-tracking emigrations. No back-tracking was 
observed in the Rock and Creek colonies, which were statary when the 
queen was captured, and the Bridge colony was not observed on the 
nights following the queen’s capture. 

There is no indication that normal (i.e., queenright) colonies of this 
species are likely to fuse. However, the cases of the Thicket and Labo- 
ratory-B colonies indicate that under certain conditions, when back- 
tracking leads one colony into the trails of another, a fusion can occur. 
As both of these colonies lacked queens, some change or set of changes 
due to the absence of queens may be held responsible. 


HABITAT AND NESTING 


The area of the Southwestern Station in Cave Creek Canyon seems to 
be a very suitable habitat for certain Neivamyrmex species, from the fact 
that within ten weeks in this investigation more than 12 colonies of 
New. nigrescens and 6 colonies of opacithorax were found operating within 
a zone of about 1,000 meters there. This spring-fed area presents a good 
range of nesting sites in dry to moist ground of varying composition, with 
a fairly good cover, and a large population of ground insects serving as 
booty. The typical pattern of operations in a nomadic colony is to raid 
the nests of ants and other insects from one site over a sector from 30 to 
70 meters long, then to move on the same night into the subterranean 
diggings of one or more of the adjacent pillaged colonies or into some 
natural cavity. Colonies of Formica spp. and other ants are often thus 
dispossessed, the survivors usually huddling in the environs until the 
dorylines have moved on. 

Although evidently the colonies of Neiy. nigrescens may extend their 
captured subterranean nesting sites to some extent through secondary 
~ excavation, typically they do not make their way along underground 
routes for more than a few meters. Although in nomadic raids the 
columns frequently run for considerable distances beneath ground cover, 
actual subterranean routes are infrequent and limited in extent. In 
statary raids, however, underground channels leading out from the nest 
commonly are utilized or developed to the extent that successive raids 
may originate on the surface at points several meters apart. 
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All nests involved in the present study were subterranean, often in the 
ground beneath stones as in the forcibly seized quarters of other ants, or 
with only the entrance holes exposed. The statary nest of Rock colony, 
excavated in detail on Sept. 5, occupied the central galleries and chambers 
of a fungus-ant’s nest 1.2 m. broad and 1 m. deep, from which survivors 
had flet into peripheral zones with salvaged brood. Nomadic colonies 
of this species seem to cluster more numerously in central cavities, with 
their brood closer to the surface than in statary colonies, the nest patterns 
of which seem to be more extensive in breadth and depth. 


THE BROODS 


In this investigation, the broods of both Neiv. nigrescens and opacithorax 
‘were found to occur in successive distinct generations. In the Meadow 
colony of the former species a major part of the brood estimated at more 
than 90 % was captured, and a randomized half of this collection numbered 
17,354 individuals, which, doubled and including 2,336 specimens taken 
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DAY IN NOMADIC PHASE 
Fig. 6. — Maximal and minimal body lengths in brood samples taken from four colonies of Neig. 
nigrescens at successive times from the early larval to the pupal stage of development. £ on 


the curve of maxima marks the last emigration of the nomadic phase. The curves are syn- 
chronized on an empirical basis, and are smoothed in view of irregularities in sampling. 


later from the colony remnant, indicates a total brood population of more 
than 37,000. From calculations based on repeated observations of the 
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same broods in successive colony emigrations, the strong impression was 
gained that under the conditions of this investigation this brood magnitude 
is usual for the species. These large broods, which are the rule, contain 
only potential workers. Evidently sexual broods appear infrequently 
and are much smaller, as in Eciton. 

The concept of specific broods, each consisting entirely of individuals 
at nearly the same age, was invariably supported by the brood samples 
taken in this study. In the earliest large sample, that of the Meadow 
colony mentioned above, a randomized half numbering 17,354 individuals 
contained 95.5 % of embryos not exceeding 0.5 mm. in length and only 
4.5 % of microlarvae up to 1.5 mm. in length. Figure 6 shows that 
successive samples taken from the larval broods of each of four colonies all 
present distinct upper and lower limits indicating a definite range of sizes 
increasing with further development. 

The time interval between brood members first to eclose at pupal 
maturity and those last to eclose is estimated at about three days; probably 
an appreciably shorter time than the duration of egg-laying. The popula- 
tion curve of all-worker broods of this species is unimodal and skewed 
toward the smaller sizes. The largest members of the brood are the first 
to attain larval maturity, the first to attain the pupal condition, and the 
first to eclose as callows; the smallest members are the last in each case. 

It is estimated that in the season of study, new broods were initiated 
regularly in the colonies at intervals of somewhat more than 35 days. 
The developmental period of a given brood from the egg to the mature 
pupal stage required a period of about 45 days, and an overlapping of 
broods therefore was the rule. The cases of the Meadow, Laboratory-A, 
Laboratory-B, Bridge, Thicket and Creek colonies of Neiv. nigrescens 
show that, in the regular season, a colony with a newly eclosed brood of 
worker callows also has a potential all-worker brood at the embryo- 
microlarval stage. If for the conditions of this study the case of the 
Bridge colony may be taken as representative, a procedure supported by 
comparison with the other cases in figure 6, the duration of brood develop- 
ment may be set at a value of nearly 50 days for these cases, on the 
assumption that egg-laying ended from 5 to 8 days before the nomadic 
phase began. 

It is well known that the post-larval stages of brood development in 
Neivamyrmex species are naked. An interesting fact hangs thereon, 
namely, that when all-worker broods are present the last brood stage 
normally seen in colony emigrations before the colony enters the statary 
“condition is early pupal, as in the case of the Bridge, Rock, and Creek 
colonies. Later stages preceding eclosion were taken in the Laboratory-B 
colony only by virtue of disturbance due to capture of the queen, in the 
Creek colony an abortive emigration, and in the Rock colony excavation 
of the statary bivouac. This interesting result will be considered in the 
Discussion. 


In the two-day studies of the Rustlers’ Road and Skunk Hollow colonies, 
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sexual-form larval broods were found as well as callow all-worker broods 
evidently only recently eclosed. Larval samples of about 25 specimens 
ranged from 6.5 to 8.7 mm. in body length in the former and from 6.4 to 
7.8 mm. in the latter. From inspections of the emigrations, it was judged 
that neither of these broods numbered more than one or two thousand 
individuals at the most. 

In the case of Neiv. opacithorax, two colonies were found with larval 
broods under transport in colony emigrations. The brood of Spring colony 
was estimated in the few tens of thousands and was clearly a potential all- 
worker brood, a large sample ranging 0.85-2.97 mm. in body length. The 
brood of Lodge colony seemed far less numerous and evidently included 
only sexual-form larvae, ranging 2.1-3.2 mm. in body length. 

Notwithstanding the nightly practice of overturning rocks and other 
potential bivouac cover at every opportunity, no sexual brood of any 
species was found except for the two larval broods noted above and the 
winged males of seven Neivamyrmex species taken at the lights. 


THE EMIGRATIONS 


In this investigation more than sixty emigrations of colonies of Vez. 
nigrescens were observed. All of these colony movements occurred at 
night, and all as sequelae of raids. A case representing the relationship 
is sketched in figure 5. Typically, raiding activities went on for 2-3 hours 
or more before the emigration began with the emergence of a column 
moving outward from the bivouac including carriers of booty, brood from 
microlarval to semipupal stages, or with a mature brood mainly seen as 
callows running in the column, a minority transported as inert pupae. 
Emigrations seldom started within two hours after dusk when raiding began 
but usually were under way before midnight, or roughly within six hours 
after raiding began. Except with important interruptions as from rain or 
(Jate in the season) low temperature, the exodus from the old bivouac 
usually continued until it was finished or until dawn. The entire move- 
ment probably required about 6 to 8 hours as a rule. If not completed 
before daybreak, emigrations were continued on the following night, 
usually with an early beginning. Such a resumed emigration often went 
on simultaneously with an emigration from the current advanced site to 
a new bivouac. Even under the most disruptive conditions, such as 
heavy rain, or low temperature after midnight late in the season, no 
queenright colony was found to require more than two nights to carry 
out a change of bivouac. Also, no queenright colony ever emigrated along 
the back-trail, although, as with the Creek colony on August 19, an older 
section of trail might be followed if the colony happened to cross it after 
a period of days. 

The emigration of Neiy. nigrescens involves a column of from 4-2.2 cm. 
in width, usually with a minority of returning traffic at the borders of 
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_ the procession, especially near the old bivouac or near the new site. In 


the early nomadic days, callows usually crowd the column until all have 
passed, and the young brood carried in packets may be expected during 
the latter part of the callow procession. When the larval brood is more 
advanced, its transportation generally starts within about one hour after 
a consistent exodus has begun. The queen, who runs the entire distance, 
always with a retinue of excited workers, usually makes her journey at 
some time after the emigration is roughly one-third completed. 

The emigration always occurs over a principal trail developed from 
the bivouac in raiding (see figure 5). Often as the foray advances, the 
exodus moves up behind the forefront of raiding by stages, with the brood 
deposited in successive booty caches. Even when the exodus is fairly 
steady, the foray ahead of it presents a variety of traffic hindrances to the: 
outgoing movement. Delays often occur at successive principal trail 
junctions where booty caches may afford opportunities for feeding by 
callows or by larvae. The emigration then is likely to forge ahead on the 
branch line presenting the lower pressure of returning traffic. For these 
reasons, establishing a new bivouac is often a variable and lengthy process. 

While the nights remained temperate, emigrations were normally 
stopped only by their completion, by heavy and continued rain, or by 
the coming of daylight. However, in late August and early September 
in the area of study, nocturnal temperatures had fallen steadily to a point 
at which, by 2:00 a.m. in the more exposed places, the temperature was 
below 10° C. at the ground surface and only about 6-8°C. at 6 cm. above 
the ground. On such nights, at increasingly early times, raiding would 
slow down and presently stop, as would emigration. Emigrations requir- 
ing a second night for completion then were seen with greater frequency, 
particularly with colonies (e.g., Bridge) operating in more exposed areas. 
At times an emigration was completed on the second night without any 
further advance (e.g., Creek, August 23); at times the remainder of the 
colony would move up while an advance to a new site was under way 
(e.g., Bridge, August 18). 

The distance of an emigration varied considerably. The shortest 


“emigration observed in this study was a move of only 2.5 m. by the 
~Laboratory-B colony on Aug. 15, the longest was one of 76 m. by the 


Bridge colony on August 23. The distances covered in successive emigra- 
tions by the Creek colony during the main part of a nomadic phase are 


_ listed in Table I. The emigrations of this colony, which may be taken 


x 


as representative of the species under these conditions, ranged between 


6 and 64 meters, with an average near 40 meters. 


The new bivouae site reached in the emigration usually lay at a trail 
division somewhat short of the limits of raiding, but sometimes it was 
considerably short of that point, as in the case of the Creek colony on 
August 20. Occurrences in the emigration affecting the distance of the 
advance depend to a considerable extent upon the pattern of raiding. A 
frequent cause of shortened emigration is a heavy and continued return of 
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TABLE I.—DISTANCE COVERED IN SUCCESSIVE EMIGRATIONS OF CREEK COLONY, 
Neiv. nigrescens. 


NoMADIC DAY DISTANCE 
(estimated). DATE. OF EMIGRATION. No EMIGRATION. 
N-5 August 6 65 meters 

6 a 68 — 
7 8 oF xX 
8 9 46 — 
9 10 340C«C 
10 A 47 — 
11 12 Xi: 
12 13 50 — 
13 14 6 — 
14 15 44 
15 16 X* 
16 17 X* 
AF 18 36 — 
18 19 A — 
19 20 18 — 
20 21 et DG 
24 ae 40 — ** 


* Local shifting of brood. 
** Hmigration completed over the same route. 


booty-laden columns to a trail-junction cache at which the exodus has 
been halted. If such a place does not adequately accommodate the 
colony as its new bivouac, a further shift into the forward zone may occur 
once the pressure of return traffic is sufficiently reduced. Emigrations 
by stages, after this fashion, were often observed in this investigation. 


THE FUNCTIONAL CYCLE 


The hypothesis of a distinct statary condition (23) in New. nigrescens 
is supported by the results summarized in section A of Table II. - These 
results indicate the existence of a phase of reduced colony activity and low 
excitement in which emigrations do not occur, coincident with the time 
when the brood is passing from the early pupal to the mature pupal 
condition. Among the colonies listed in Section A of Table II, Bridge 
represents the full course of this phase, Creek and Rock the beginning 
and principal part, and Stone and Thicket the terminal part. 

The hypothesis of a distinct nomadic condition in Neiy. nigrescens is 
supported by the results summarized in section B of Table II. These 
results reveal the existence of a phase of vigorous colony activity and 
heightened excitement in which emigrations occur regularly, beginning 
with the eclosion of a mature pupal brood and normally ending at the 
time when the next generation reaches the early pupal condition. The 
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TaBLE IJ.—NoMADIC AND STATARY FUNCTIONAL CONDITIONS AS INDICATED 
BY DISTINCTIVE CONDITIONS IN BROOD, EMIGRATIONS AND RAIDING *, 


A. Neiv. nigrescens, statary condition. 


Cotony. Brood CONDITION. Raps, EMMIGRATIONS. 

Creek p tooPP 14, all weak, 1 in 17 days 
in 17 days 

Thicket Pato. Pe 3 weak 0 in 8 days 
in 3 days 

Bridge pe to, PP 15, all weak, 0 in 17 days 
in 17 days 

Rock p to P 6, all weak, 0 in 9 days 
in 9 days 

Stone I> toy 12ae 3, all weak, 0 in 3 days 
Hi a) GEE 

TOTALS. 43 in 49 days 4 in 49 days 


B. Nei. nigrescens, nomadic condition. 


Creek Call., ml to p 15 strong, 3 med. 13 in 18 days 
in 18 days 
Thicket Call., ml 1 strong 1 in 1 day 
in 1 day 
Bridge Call. + L to p 15 strong, 1 med. 12 in 16 days 
in 16 days 
Bridge Call. 4 strong 4 in 1 day 
in 1 day 
Pugsley Call., ml 1 strong 2in 4 days 
in 1 day (days 1,4) 
Rock p 2 strong 1in 2 days 
in 2 days 
Stone Call. 4 strong 2in 4 days 
in 4 days (days 1,4) 
Lab. (A) Call., ml 4 strong 2in 4 days 
in 4 days (days 1,4) 
Lab. (B) Call., ml to L 13 strong, 2 med. 43 in 15 days 
in 15 days (none: days 2,3) 
Skunk Call. $9, d L 2 strong 2in 2 days 
Hollow in 2 days 
Rustlers Call. $9, 6 L 2 strong 2in 2 days 
Road in 2 days 
TOTALS. 69 in 69 days 51 in 69 days 


C. Neiv. opacithorax, nomadic condition. 


Lodge Call. $9, 6 L not obs. 2 in 2 days 

Spring ¢ L 1 strong 1 in 1 day 
in 1 day 

TOTALS. Ap inten ie day, 3 in 38 days 


* Symbols: ml, embryos and microlarve; L, larvae; p, prepupe; iE pupe; PP, eclosion of 
mature pup@; Call., callows. ---Broods are all-worker broods unless otherwise indicated. 
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Thicket, Laboratory-A and Pugsley records represent the initiation of 
this phase, Laboratory-B the initiation and principal part of the phase, 
Creek and Laboratory-B the principal part from just after the initiation 
to the completion, and Rock the completion. The Stone and Bridge 
records are considered representative of the initiation of this phase under 
exceptional seasonal conditions in which no young brood is present whose 
larval development would support a continuation of nomadism and whose 
attainment of the early pupal condition might be related to the processes 
normally terminating the phase (see figure 6). 

In Sections A and B of Table II, the Creek, Bridge and Rock records 
represent the transition from the nomadic to the statary condition, with 
the first two showing that a nomadic sequence may precede. The 
Thicket, Bridge, Stone and Laboratory-B colonies represent the transition 
from the statary to the nomadic condition, with Laboratory-B demons- 
trating that a nomadic sequence may follow. 

The records of the Bridge and Creek colonies each represent a nearly 
complete nomad-statary cycle. It may be inferred from the reliable 
indication of brood condition (fig. 6) that each of these colonies when 
found was already a few days advanced in the nomadic phase. It is 
apparent that each of these two colonies passed through virtually one 
complete cycle while under study. 

Section A of Table II shows that in 6 of 49 nights in which six colonies 
with pupating broods were observed, no raiding occurred, and that raiding 
was rated as relatively weak in the others. This is a definite indication 
of a low level of colony activity, as is the fact that an emigration occurred 
in only one of the 49 cases. The one case occurred in the Creek colony 
after 12 nights with weak raiding and no emigrations, and was followed 
by 8 nights in a similar condition at the new site. Such an emigration 
is to be considered exceptional, particularly as a raid had started slowly 
and variably earlier in the evening, as do statary raids normally * 

These results contrast sharply with those in Section B of Table II, 
in which it is seen that raiding was rated as strong or at least medium in 
69 of the nights with colonies having callow or larval to early pupal 
broods, and that emigrations occurred in 51 of the 69cases. Various condi- 
tions relevant to certain of the failures to emigrate at such times may be 
mentioned. First of all, in four of these cases, an emigration occurred 
at the eclosion of a mature pupal brood but no further emigrations took 
place until the third night thereafter. It is possible that brood condition, 
alike in all four cases, had much to do with the interesting similarity in 
behavior, and we shall return to this point. The 10 remaining failures 
to emigrate under these conditions occurred sporadically and without 
indications of a reduced level of excitement in the colonies. For instance, 
in the Bridge colony, three successive nights without movement came at 


3 Earlier in the evening, forays into a sector near the bivouac evidently had aroused extensive 
combat with two large colonies of Pheidole spp. nesting on that side. These ants may have 
spread into the doryline bivouac along subterranean channels, arousing an abortive emigration, 
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a time when raids were vigorous and highly productive, but involved 
many short and complexly branching trails. Comparable conditions 
existed in the Creek colony in two of the instances of failure to emigrate 
in the nomadic series. In these last cases, as also in the failure of specific 
emigration in the Bridge colony on August 22, much shifting of brood 
occurred along covered channels close to the bivouac. These cases will 
be considered in the Discussion. 

The last two cases in Section B of Table II represent the coincidence 
of a condition of high arousal and of emigration in the colony, with the 
presence of a sexual brood in the larval stage. Unfortunately these 
colonies were on record only briefly, as were two cases of emigration in 
Neiv. opacithorax presented in section C of Table II, both colonies highly 
active with larval broods containing potential sexual forms in one and 
workers in the other. 

Altogether, the results presented in Table II may be taken to indicate 
a close relationship in Neiv. nigrescens between condition of the brood 
and functional pattern of the colony. The prevalence of this corres- 
pondence of conditions through definite sequences of days in certain 
colonies representing successively the two different phases, and the reversal 
of each phase into the other under appropriate conditions of brood meta- 
morphosis, are strongly indicated. 

It is very interesting to note that the termination of a nomadic phase 
occurs not at larval maturation, as in Eciton, but only later when most of 
the brood has entered the early pupal condition. This important differ- 
ence will be considered in the Discussion. 

From the present results, the duration of the activity phases may be 
set very roughly, and only for the conditions of this investigation, at 
about 21-22 days for the nomadic phase and about 18 days for the statary 
phase. The correlation of brood curves in figure 6 indicates that in both 
the Bridge and Creek colonies nomadic function had begun a few days 
before these colonies were discovered in August. Although the curves 
in this figure lack common origin points and are synchronized on an 
empirical basis, the errors probably do not exceed one or two days. Only 
one completed statary phase was obtained,—that of the Bridge colony,— 
however, other results indicate the reliability of this case. For both 
phases, therefore, the above estimates are offered as good approximations 
of the respective time values for colonies operating in the locality of 
study under the prevalent seasonal conditions. 


DISCUSSION 


From results for Neivamyrmex colonies under the conditions of this 
investigation, a reversible functional cycle prevails in the active season, 
describable as a nomad-statary cycle and theoretically equivalent to that 
found in Eciton. As in Eciton, cyclic function is continuous under appro- 
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priate seasonal conditions. However, in Neivamyrmex under Nearctic 
conditions, it is probable that the sequence of colony functional cycles is 
interrupted completely between autumn and spring. 

From our present results, cyclic behavior in Neivamyrmex has its basis 
in reproductive functions, much as in Eciton. These two doryline genera 
seem equivalent in the effect of the two principal brood-excitatory factors 
promoting phasic changes in function: 1) a callow-excitatory factor 
initiating nomadism, and 2) a larval-excitatory factor continuing the 
phase. These major similarities prevail in function despite the fact that 
the Eciton species studied are terrestrial in nesting and regularly diurnal 
in raiding, the Neivamyrmezx species hypogaeic in their nesting and mainly 
nocturnal in surface activity. The hypothesis that homologous factors 
underlie the functional cycles of Eciton and Neivamyrmex seems to find 
support in these findings. 

Two secondary characteristics distinguish the functional cycle of the 
investigated NMeivamyrmex species from comparable aspects of Eciton 
function. The first is that, after an initial vigorous emigration on the 
eclosion of a mature pupal brood, emigration evidently goes into abeyance 
until about the fourth night. The resemblance of this occurrence to the 
early drop in nomadic function in Eciton, after a vigorous beginning 
(27, 28) seems unmistakable, and both phenomena may involve compar- 
able processes associated with the overlapping of the mature pupal and 
young broods. The interesting difference is that although colony function 
in Eciton is somewhat reduced at a corresponding time, emigration does 
not stop, normally. The hypothesis may be advanced that in Nei. 
nigrescens two factors are involved, the first postulated as a change in 
the responses of workers to the callow brood just after the initial highly 
excitatory eclosion episode, such that the colony although still very 
excited holds the same underground site without emigrating. The 
second factor postulated is a slower rise of the larval excitatory effect 
than in Eciton, related to a more retarded condition of the young brood. 
Results in the present study indicate that on the second and third nomadic 
days the bulk of the young brood is still in the embryonic and earliest 
microlarval stages. Tentatively, the break that appears characteristic 
of the early part of the nomadic phase in these Neivamyrmex is thus 
attributed to a temporary change in the worker-brood relationship, 
involving an inhibition of emigration by the specific post-eclosion influences 
of a callow brood together with a low stimulative effect from the young 
brood. 

The second difference from citon is a striking one, related to properties 
centering around the absence of cocoon-spinning in the mature larval 
brood of Neivamyrmex. In this investigation, nomadic function continued 
in colonies of Neiv. nigrescens past the stage of maturity and straightening 
in the larval brood, and the statary condition did not ensue in the colonies 
until the naked brood entered the early pupal stage. This result is 
confusing at first, as the mature larvae soon lose the property of motility 
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. and the taciual aspect of their stimulative effect on the worker population 
18 inevitably reduced and greatly changed. For Eciton, I have held that 
the tactual stimulative effect of an active larval brood is a major factor 
promoting nomadism after the early part of the phase. However, in 
addition to the tactual factor in such trophallactic relations, a chemical 
factor must also be postulated (23, 27), which in Eciton falls greatly in 
strength at larval maturity. From the fact that in Neiv. nigrescens 
nomadism continues past the stage of larval maturation in the brood, an 
important difference would seem to exist between these dorylines and 
Eciton in respect to the brood-adult relationship prevalent at this time. 

It seems that in Neiv. nigrescens the brood-stimulative effect somehow 
is held at a high level past larval maturation, despite a drastic reduction 
of the tactual factor. Laboratory tests of worker responses in this 
species to the inert brood stages between larval maturity and entrance 
into the pupal stage support the hypothesis that the stimulative factor 
critical for the maintenance of high worker excitement and nomadic 
colony function is chemoceptive, and presumably both gustatory and 
olfactory. The results suggest that the chemical effects involved are 
peculiar to this stage. The hypothesis is advanced that, during post- 
larval metamorphosis, products of stage-specific secretory and other 
metabolic functions are effective for which the organic basis is greatly 
limited or even absent in Eciton. 

The reproductive properties of the relatively diminutive queen of 
Neiv. nigrescens are prodigious although not equal to those known for 
Eciton species. In the functional season this queen is capable of producing 
distinct broods at regular intervals, each new generation evidently initiated 
before the time-limited delivery of the preceding one as eggs has occurred, 
much as indicated for the Eciton queen by Hagan’s (16) findings. Fora 
reproductive individual of such limited body size to produce potential 
all-worker broods of around 40,000 individuals at intervals of no more 
than 40 days (as under the conditions of this investigation) is certainly 
impressive, but in keeping with the known properties of the doryline 
adaptive pattern (23, 27). 

The conclusion held for Eciton (25, 27) that the timing of the queen’s 
reproductive rhythm is not mainly dependent upon endogenous processes, 
but rather upon a complex set of interrelationships between the queen 
and the colony situation, seems also valid for Nei. nigrescens as 
represented in this investigation. In this doryline also, the regularity 
of brood generations produced by the queen seems attributable to an 
interplay of exogenous and endogenous factors affecting the queen’s 
reproductive functions. But it is possible that under Nearctic conditions 
the temporal control of reproductive processes in the doryline queen 
and colony may differ according to the state of brood development and 
related feed-back processes keyed to prevalent seasonal conditions in 
temperature and food supply particularly. This possibility remains to be 
tested. 
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Present evidence indicates a termination of reproductive function in the 
autumn. But the cessation of seasonal reproductive processes in the 
queen may not occur quite as abruptly as certain cases in this study would 
indicate. At a time dependent upon locality and altitude, a transitional 
interval may ensue before full dormancy sets in, when reduced broods are 
produced by the queen but are lost perhaps through worker cannibalism. 
Such a condition was possible in the Thicket, Bridge and also the Stone 
colonies, but seems very unlikely in the cases of the Rock and Creek 
colonies. The last cases instead support the concept of a definite threshold 
of exogenous stimulative and trophic conditions below which the queens 
become non-functional. 

The latter interpretation seems to account best for the general results. 
In Arizona, at an elevation of one mile, the duration of nightly colony 
raiding seemed to be steadily reduced after late August, particularly 
through falling temperature which stopped surface activities at increasingly 
early times. Then the food intake of the colony might clearly undergo a 
rapid decrease as not only the nightly foraging time became greatly 
curtailed but also raiding activities became increasingly sluggish. For 
the colonies involved in the longitudinal surveys of this study, it is probable 
that functional phases begun under the trophallactic effect of broods 
maturing after late August would have ended before one month, and would 
have been succeeded by a non-cyclic, dormant, over-wintering condition. 
It is probable that this condition would have arisen as a normal seasonal 
change, even had these colonies retained their queens. 

As it was in the autumn of 1956, with the six queenless colonies left in 
the Station area of Cave Creek Canyon, the prospects for a later resumption 
of cyclic function must have depended not only upon surviving the winter 
but also upon the chances of fusion with queenright colonies of their species 
upon reactivation in the spring. 


SUMMARY AND CONCLUSIONS 


An investigation was made of behavior and biological function in several colonies 
of the Nearctic doryline species Netvamyrmex nigrescens at an altitude of 1,660 m. in 
Arizona. In that locality this species is subterranean in its nesting and is nocturnal 
in its raiding and emigrating, except for surface forays on overcast days. Under 
appropriate stimulative conditions in the colony, a vigorous raid provides a basis for 
an emigration during the same night. 

These dorylines resemble Eciton species of the tropics in having a distinct nomad- 
statary cycle. This cycle in colony function is dependent upon critical stimulative 
effects from the successive immense, distinctive all-worker broods, and thus is repetitive 
in each colony during the active season. 

In these army ants each nomadic phase is set off, as in Eciton, by a massive 
stimulative effect introduced upon the eclosion of a mature pupal brood, and is then 
maintained by stimulative excitation from a new brood in the larval stage. In striking 
contrast to Eciton, the nomadic phase in this Neivamyrmesx species does not end at 
larval maturity, but only later when the current brood reaches the early pupal stage. 
No cocoons are spun by mature worker larvae in this genus, and the high excitatory 
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_ effect evidently is continued through an intensive chemotactic excitation characteristic 


of the developmental period between larval maturity and attainment of the early 
pupal condition. 


Onset of the statary phase is attributable to an abrupt fall in the potency of brood 
stimulative processes as the brood begins to enter the pupal stage. 

In the locality of study, the functional season terminated during September, evidently 
at a time after the colony queen had ceased to produce mature eggs in large broods. 
This change may depend upon a seasonally conditioned reduction of stimulative and 
trophic conditions in the colony below a specific threshold essential for normal repro- 
ductive function in the queen. 


It is concluded that the factors underlying a regular cyclic function in colonies of 
Newamyrmex nigrescens during the active season are basically equivalent or even 
homologous to those operative in Eciton species, and that the differences may be 
considered secondary. 


RESUME ET CONCLUSIONS 


Une enquéte a été effectuée sur le comportement et sur la fonction 
biologique chez plusieurs colonies de l’espéce néarctique de fourmi doryline 
Neivamyrmex nigrescens, a altitude de 1 660 m dans l’Etat américain de 
PArizona. En ces lieux, l’espéce est souterraine quant a ses nids et est 
nocturne quant a ses raids et déménagements, sauf en cas de razzia par 
temps couvert. Dans des conditions appropriées d’effet stimulant dans 
la colonie, un raid trés violent sert de base a une émigration au cours de 
la méme nuit. 

Ces dorylines ressemblent aux especes Eciton des tropiques, en ce sens 
qu’elles sont soumises a un cycle caractéristique nomadisme-sédentarité. 
Ce cycle fonctionnel de la colonie dépend des effets stimulants critiques 
provenant des immenses couvains distinctifs composés uniquement 
d’ouvriers, et il se renouvelle done dans chaque colonie pendant la saison 
d’activite. 

Chez ces fourmis guerriéres, chaque phase de nomadisme est déclenchée, 
comme chez Eciton, par un effet stimulant massif dont Porigine se trouve 
dans l’éclosion d’un couvain nymphal parvenu a maturité, et elle se main- 
tient ensuite par l’excitation stimulante due 4 un nouveau couvain a l'état 
larvaire. Par un contraste saisissant avec ce qui se passe chez Eciton, la 
phase nomadique chez cette espece de Neivamyrmezx ne prend pas fin lors 
de la maturité des larves, mais seulement plus tard lorsque le couvain en 
cours de développement est arrivé au stade nymphal. Chez ce genre, les 
larves mires d’ouvriers ne tissent pas de cocons, et la cause excitatrice 
~ si vive se poursuit évidemment sous l’influence d’une intense excitation 
chémotactile, qui est caractéristique de la période de développement située 
entre la maturité larvaire et l’arrivée de la premiére forme nymphale. 

Le déclenchement de la phase de sédentarité doit étre attribué a une 
brusque diminution de puissance des facteurs stimulants chez le couvain, 
tandis que celui-ci commence a entrer dans le stade nymphal. 

A Vemplacement des études effectuées, la saison d’activité fonctionnelle 
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s’est terminée dans le courant de septembre, a une époque qui se situe évi- 
demment aprés que la reine de la colonie eut cessé de produire des ceufs 
mirs en importants couvains. Ce changement dépend peut-étre d’une 
réduction, en temps opportun, de facteurs stimulants et trophiques dans 
la colonie, en deca d’un seuil spécifique qui est essentiel 4 l’exercice normal 
de la fonction reproductrice de la reine. 

En conclusion, les facteurs qui sont a la base d’une fonction cyclique 
réguliére chez les colonies de Neivamyrmex nigrescens, pendant la saison 
d’activité, sont sensiblement équivalents ou méme homologues de ceux 
qui entrent en opération chez les espéces d’Eciton, et les différences peuvent 
étre considérées comme secondaires. 


Zusammenfassung. 


Verhalten und biologische Function in mehreren Kolonien der nearktischen Ameisen- 
Art Neivamyrmex nigrescens (Unterfamilie Dorylinae) auf 1 660 m. Seehéhe in Arizona 
wurden untersucht. Dort nistet diese Art unterirdisch und unternimmt ihre Raubztige 
und Auswanderungen zur Nachtzeit, ausgenommen Oberflachen-Razzias an bewélkten 
Tagen. Unter geeigneten Stimulationseffekten innerhalb der Kolonie lést ein kraftiger 
Raubzug fast unfehlbar Auswanderung noch in derselben Nacht aus. 

Diese Dorylinen ahneln tropischen Eciton-Arten in ihrem deutlich nomadisch- 
statischem Zyclus. Dieser Zyclus in der Function der Kolonie hangt von kritischen 
Stimulationseffekten aufeinanderfolgender, sehr groBer, deutlich nur aus Arbeitern 
bestehender Bruten ab, und wiederholt sich so in jeder Kolonie wahrend der Aktivitats- 
periode. 

Wie in Eciton so wird auch in diesen Dorylinae jede nomadische Phase durch den 
massiven Stimulationseffekt des vollen Heranreifens einer Puppenbrut eingeleitet und 
dann durch stimulative Hrregung durch eine neue Brut im Larvenstadium wach 
gehalten. Im auffallenden Gegensatz zu Eciton endet jedoch in dieser Neivamyrmez- 
Art die nomadische Phase nicht mit der Larvenreife, sondern erst bis die jeweilige 
Brut das pupale Stadium erreicht. In dieser Gattung spinnen die reifen Arbeiterlarven 
keine Cocons ; der starke Erregungseffekt wird offenbar durch intensive chemotaktische 
Erregung, eine eigenartige Begleiterscheinung der Metamorphose, aufrechterhalten. 

An der untersuchten Ortlichkeit endet die Functionsperiode im September, offenbar 
sobald die Konigin der Kolonie aufgehért hat, neue Bruten hervorzubringen. Méglicher 
Weise hangt diese Veranderung von einer jahreszeitlich bedingten Verminderung der 
stimulativen und trophischen Bedingungen unter eine kritische Schwelle ab. 

Hieraus wird gefolgert, da®B die der regelmassigen zyklischen Function in Kolonien 
von Neivamyrmex nigrescens wahrend der Aktivitatsperiode zugrunde liegenden 
Faktoren im wesentlichen den in der Gattung Eciton wirksamen gleichwertig oder 
selbst homolog sind und da®B die Unterschiede als sekundar werden kénnen. 
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NOUVELLES DE L’UNION 


TRAVAUX PUBLIES PAR DES MEMBRES DE L’UNION 


BorcGmeter (Thomas). — Die Wanderameisen der Neotropischen Region, O. F. M. 
Studia Entomologica, Nr. 3 (Editora Vozes Ltda., Caixa Postal 23, Petropolis, Rio 
de Janeiro, Brazil), 720 p., 87 pls., paper. Price $ 15.00 U. 8. 

Diese Monographie ist in ihrer Gediegenheit eine vorbildliche Leistung des welt- 
bekannten Myrmekologen; sie wurde in Fachkreisen langst mit Spannung erwartet. 
Wie kein anderer war Borgmeier berufen, in dem System der Ecitoninen Ordnung 
zu schaffen und so nach langjahrigen intensiven Studien den Grund zu legen zur 
weiteren Vertiefung unserer Kenntnisse iiber die Morphologie und Biologie der 140 
bekannten Arten. Zugleich schuf der Autor hiérmit eine zuverlissige Grundlage fiir 
die Erforschung der zahlreichen ecitophilen Insekten, die von Wasmann begonnen und 
von Reichensperger erfolgreich fortgesetzt wurde und auch die vielen, damit in 
Verbindung stehenden ékologischen und tier-geographischen Probleme fuBen auf 
dieser Monographie. 

Allgemein richtungsgebend sind zunachst die Darlegungen iiber die Grundfragen 
der Systematik : ungewoéhnlich reichhaltige Beobachtungen und deren ausgereifte, 
vielseitige gedankliche Durchdringung, dazu objektive Beschrankung auf das wis- 
senschaftliche Feld der Tatsachen geben hier der Systematik als Wissenschaft neue 
erfreuliche Impulse. ,,Die beobachteten phaenotypischen Merkmale und Ahnlich- 
keitsbeziehungen wurden nicht etwa gezahlt, sondern gewertet.‘‘ Und dazu ist eben 
der Blick des erfahrenen Forschers notwendig, derweder mit ,,Mengenlehre‘‘ noch 
mit ,,mathematischer Logik‘ aufgewogen werden kann. 

Zu dem Verhaltnis zwischen Systematik und Phylogenie wird bemerkt : ,,Die 
Systematik ist unabhangig vom Deszendenzgedanken‘‘, ,,die Phylogenetik basiert 
zum groéBten Teil auf den Tatsachen der Systematik’‘. Auch mit den Beziehungen 
der Systematik zur Genetik setzt sich der Verf. auseinander ; es wird Stellung genom- 
men gegen das Bestreben gewisser Genetiker, ,,den Artbegriff zu pulverisieren’. 
Borgmeier kommt zu dem SchlufB, dab die Art eine Fundamentaleinheit des Systems 
ist. ,,Die Art ist ein Wesens- und Ganzheitsbegriff, der auf objektiven Gegebenheiten 
beruht‘‘ und ,,nicht erst vom Menschen in die Natur hineingetragen wird. Der bio- 
logische Artbegriff ist keine Erfindung der ,,Neuen Systematik‘‘, sondern von alters 
her vertreten worden. Kopulationsbereitschaft bzw. Kopulationsabneigung werden 
als Kriterium ftir die Art nicht anerkannt, desgleichen geographische Faktoren in 
der Artsystematik abgelehnt. Hin weiteres Kapitel befaBt sich mit der Subspezies 
~oder Rasse als Unterkategorie der Art. Wie sonst im Tierreich gibt es bei den Ameisen 
neben monomorphen Arten pleomorphe. ,,Alle Rassenbildung vollzieht sich streng 
innerhalb der Artgrenzen.“‘ ,,Arten sind wesentlich verschieden, Rassen sind wesent- 
lich gleich, weil sie in den Grundmerkmalen tibereinstimmen und zu derselben 
Fortpflanzungsgemeinschaft gehodren.‘‘ Alle Rassen zeigen das ,,Gesicht‘‘ der Art, 
von der sie sich abgespaltet hat. Unter ,,Artgesicht‘‘ verstehe ich den Komplex aller 
spezifischen Merkmale, welche allen Rassen derselben Art gemeinsam sind. ,,Alle 
Arten, mégen sie auch auf den ersten Blick noch so ahnlich sein, sind scharf getrennt, 
sobald man nicht von einem Individuum ausgeht, sondern den gesamten Merk- 
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malskomplex in Betracht zieht.‘‘ ,, ... die Tatsache, daB die Artmerkmale bei jeder 
Rassenbildung erhalten bleiben, spricht recht eindeutig fiir die Bildung von Rassen 
aus Arten, nicht aber von Arten aus Rassen.‘‘ 

Die in der alteren Myrmekologie seit 1890 von Emery eingefiihrte infrasubspezifische 
,,Varietat‘* wird von Borgmeier als taxonomische Kategorie abgelehnt. 

Der spezielle Teil wird eingeleitet von Erérterungen tiber die Grenzen der Subfam. 
Dorylinae und bringt eine Tribus-Einteilung. Das Hauptgewicht zur Unterscheidung 
wird auf die Genitalien gelegt. Folgende Haupteinteilung wird getroffen : I. Chelio- 
myrmicini und Ecitonini; II. Dorylini, Aenictini und Aenictogitonini. 

Zu zahlreichen eigenen Neubeschreibungen kommen hinzu langjahrige Typen- 
studien; sehr sorgfaltige Zeichnungen der Kopfformen, besonders der Genitalien, 
Photogramme von Fliigeln erganzen in anschaulicher Weise die Beschreibungen. 

Der taxonomische Scharfblick und die ausgesprochene Begabung einer prazisen 
Beschreibung und Darstellungsweise Borgmeiers gestalten die Monographie zu einem 
vorbildlichen Standardwerk der Systematik. Als besonderes Verdienst sei auch das 
sorgfaltige Hingehen auf Synonyme (60 Namen fallen darunter) erwdhnt, die bisher 
in der Systematik mitgeschleppt wurden. 

Die Bearbeitung der einzelnen Arten umfaBt jeweils : Synonyme, Holotype bzw. 
Typen und Cotypen, Beschreibung der Kasten, z. T. Originalbeschreibungen, geo- 
graphische Verbreitung, untersuchtes Material, Variationen, Diskussion. Zahlreiche 
biologische Notizen erganzen die systematische Bearbeitung, z. B. tiber Nester, Ziige, 
Orientierung, Feinde von Geschlechtstieren, eingetragene Beute, mitgelaufene Gaste 
aus der Gruppe der Staphyliniden, Histeriden, Phoriden. 

Hine systematische Uebersicht der Gattungen und Arten, ein sehr umfangreiches 
Literaturverzeichnis, Erlauterungen zu den 87 Tafeln, dazu ein alphabetisches Register 
der Personen-Namen, der Gattungen und hdheren Kategorien, ferner der Arten, 
Unterarten und Varietaten (jeweils mit durch Druck hervorgerufenen Synonymen) 
und eine Inhaltstibersicht rundet dieses vortreffliche Werk ab, das weit tiber den 
Rahmen der Myrmekologen — vor allem wegen der grundsatzlichen Erérterungen 
tiber die Probleme der Art- und Rassenforschung — in allen biologisch ausgerichteten 
Bibliotheken verbreitet zu werden verdient. Noch nie wurde eine Teilgruppe der 
Formiciden so umfassend und griindlich bearbeitet. 

GosswaLp (Wirzburg). 


ANALYSES DE TRAVAUX 


Husine (J. O.). — Die Honigbiene (Apis mellifica L.). 2. neubearbeitete Auflage.99 S., 
46 Abb. Akad. Verl. Ges. Leipzig, 1942 (H. 31). Preis... 


Die Bienenarbeit umfaBt folgende Kapitel : Vorwort, zur Geschichte der Staats- 
werdung des Bienenvolkes, Rassen der Honigbiene, Drohnen, die Kénigin, die Arbeits- 
biene, die Ammenbiene, die Wachsbiene, die Wehrbiene, die Trachtbiene, Brutordnung, 
Bienenwohnung und Bienenstand, Bienen und Bliiten, Orientierungsfahigkeiten und 
Sprache der Bienen, Arbeiten am Bienenstand im Laufe des Bienenjahres, Krankheiten 
und Feinde der Bienen, Literaturhinweise. 

Der Stoff ist tbersichtlich, unter Hinhaltung wissenschaftlicher Exaktheit auch fir 
den Laien leicht verstandlich und durch gute Abbildungen veranschaulicht dargestellt. 
Zur Verbreitung bei Biologen sowie bei Imkern ist es sehr gut geeignet und wird auch 
bei allen Naturforschern zur leichten Orientierung beste Dienste leisten. 


GésswaLp (Wiirzburg). 
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Scumipt (H.).— Die Termiten. Ihre Erkennungsmerkmale und wirtschaftliche Bedeu- 

tung. 309 Seiten, 120 Abb. Akad. Verl. Ges., Leipzig, 1955. 

Das Buch des bekannten Termitenforschers enthalt Beitrage aus den reichen Erfah- 
rungen H. Weidners iiber Kérperbau, Systematik, Verbreitung der Termiten, ferner 
Termitennester und die Bekampfung der pflanzenschiidlichen Termiten. Weiter 
berichtet A. Herfs iiber die bestens eingerichtete Termitenstation der Farbenfabriken 
“‘Bayer” AG. in Leverkusen (Rheinland) in Verbindung mit Beitragen iiber das Schwir- 
men und die Koloniegriindung der Termiten. K. GoBwald hat das Kapitel: Die Geb- 
halstermite (Calotermes flavicollis Fabr.) als Versuchstier bearbeitet, H. Schmidt 
den Abschnitt : Termitenangriff und Holz, unter besonderer Bericksichtigung des 
Bau und Werkholzes. W. Sandermann stellt die chemischen Grundlagen der Holzschutz- 
mittel gegen Termiten und ihre Anwendungsverfahren dar. W. Bavendamm kenn- 
zeichnet die natiirliche Dauerhaftigkeit der Hélzer gegen TermitenfraB. Ein Sach- 
register ist beigefiigt. 

Der iibersichtlich dargestellte reichhaltige Stoff des Termitenbuches diirfte weites 
Interesse finden, vor allem auch seitens der angewandten Forschung und der Termiten- 
prifstellen ; zur Erganzung rein zoologischer Fragen wird auf die von P. P. Grassé 
bearbeitete hervorragende Termitenmonographie in dem groBen Standardwerk: T'raité 
de Zoologie, Bd. 9, Paris, 1949, verwiesen. 


GésswaLD (Wdurzburg). 


INSECTES SOCIAUX, TOME V, N° 2, 1958. 419 


LISTE DES TRAVAUX 
DU LABORATOIRE DE PHYSIOLOGIE ACOUSTIQUE 


de Institut National de la Recherche Agronomique, Jouy-EN-Josas (Seine-et-Oise), 
FRANCE, 


RELATIFS AUX PROBLEMES D’ACOUSTIQUE DES INSECTES 


Busnet (R.-G.), Cuavasse (P.). — Recherches sur les émissions sonores et ultra- 
sonores d’Orthoptéeres nuisibles A Vagriculture : étude des fréquences (Nuovo 
Cimento, 1950, Suppl. vol. 7, sér. 9, n° 2, 470-86). 


Busnet (R.-G.), Decrois (M.), Busnet (M.-C.). — Variation des stridulations de 
Locusta migratoria 3 selon la patte utilisée par l’insecte (Physiol. Comparata et Gco- 
logia, 1958, 8, n° 1, 18-24). 


Busneu (R.-G.), CHAvAssE (P.), Busnex (M.-C.). — Gramophone studies of the stridu- 
lation of British Grasshoppers. A reply to Mr. Broughton’s note (Journ. S.-W. Essea 
Technical Coll., septembre 1953, 1-8). 


Busneu (R.-G.), Loner (W.). — Recherches sur le comportement de divers Acridoidea 
males, soumis a des stimuli acoustiques artificiels (C. R. Acad. Sci., 1953, 287, 
4557-1559). 


Busnet (M.-C.). — Contribution a l’étude des émissions acoustiques des Orthopteres. 
I. Recherches sur les spectres de fréquence et sur les intensités (Ann. Epiphyties, 
1953, n° 3, 333-421). 

Busneu (M.-C.), Busnet (R.-G.). — La directivité acoustique des déplacements de 
la 9 d’canthus pellucens Scop. (C. R. Soc. Biol., 1954, 148, p. 830). 


Busneu (R.-G.), Busnex (M.-C.), Pasgurnetty (F.). — Les constantes physiques des 
émissions acoustiques du g d’@canthus pellucens Scop. (ibid., p. 859). 


BusNEL (R.-G.), Loner (W.). — Sur l’étude du temps de la réponse au stimulus acous- 
tique artificiel chez les Chorthippus et la rapidité de Vintégration du stimulus (C. R. 
Soc. Biol., 1954, 148, p. 862). 


BUSNEL (R.-G.), Loner (W.). — Mémoire acoustique directionnelle du 3 de Chorthippus 
biguttulus L. (Acrididae) (C. R. Soc. Biol., 1954, 148, p. 993). 
Broucuton (W. B.). — Oscillographie économique du schéma de modulation par un 


appareil de cout et de fonctionnement bon marché, utilisable avec les appareils enre- 
gistreurs a vitesse variable (L’Onde Electrique, 1954, 84, n° 324, 204-11). 


BusneL (R.-G.), Loner (W.). — Recherches sur le comportement de divers ¢ d’Acri- 
diens a des signaux acoustiques artificiels (Ann. Sci. Nat., Zool., 1954, 16, 11° série, 
271-281). 


PASQUINELLY (F.). — Extension des procédés mécaniques d’enregistrement a la bande 
infrasonore ef son application & étude des mouvements physiologiques de trés 
faible amplitude (L’Onde électrique, 1954, 84, n° 324, 279-281) 


Busne. (R. G.), Dumortier (B.). — Observations sur le comportement acoustico- 
sexuel de la 2 d’Ephippiger bitterensis (C. R. Soc. Biol., 1954, 148, p. 1589). 
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BUSNEL (R.-G.), PASQUINELLY (F.). — Nouvelle application de la technique électro- 
acoustique d’enregistrement de mouvements physiologiques de trés faible amplitude 
a Pactographie de la Drosophile intoxiquée par des insecticides (C. R. Soc. Biol., 
1954, 148, p. 1587). 


Busnet (R.-G.), Dumortrer (B.). — Etude des caractéres du signal du sifflet de Galton 
provoquant la phonotaxie de la 9 d’Ephippiger bitterensis (C. R. Soc. Biol., 1954, 
148, p. 1754). 
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